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SUMMARY
A number of new M'di(aryl)propene-1-amino->-imine acid salts, 
their free bases and transition metal complexes are reported.
. 'i
Examination of the free dianils by infra-red and H NMR 
spectroscopy shows that their ocB amino-imine isomer is present, 
at ambient temperatures, both in the solid state and in solution. 
The B-diimine isomeric form has not been detected.
In solution the free dianils exist in an equilibrium between 
the 'all-trans' and 'all-cis' geometrical isomers. The rall-cis' 
isomer predominates in non-polar solvents whereas the 'all-trans1 
isomer is favoured in hydrogen bonding solvents. The bonding in 
the 'all-cis' isomer is discussed in terms of a cyclic delocalised 
Tf electron system and a rapidly interchanging ocB double bond 
tautomeric system.’ Evidence is presented in favour of the latter 
model.
Most of the acid salts reported exist wholly as the 'all-trans' 
. isomer in solution. However, some of these,compounds are found to 
exist in both 'all-trans' and 'cis-trans' forms. The conditions 
that favour the occurrence of the 'cis-trans' isomer are reported.
Monomeric bisjNN'di(aryl)propene-1-aminato-3-imine|metal(II) 
complexes are characterised and from a study of their electronic 
and infra-red spectra, and their magnetic moments, it is concluded 
that they have a distorted pseudo-tetrahedral stereochemistry.
The electron impact mass spectra of all these compounds are 
described and possible fragmentation schemes are presented.
"It is strange that we are not able to inculcate into the minds of 
many men the necessity of that distinction of my Lord Bacon’s, 
that there ought to be Experiments of Light, as well as of Fruit. 
If they will persist in condemning all experiments, except those 
that bring them immediate gain, and a present Harvest, that they 
may as well cavil at the Providence of God, that he has not made 
all the seasons of the year to be times of mowing, reaping and 
vintage."
Thomas Sprat 
History of the Royal Society
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CHAPTER ONE
A Literature Review
Introduction
The homologus series of aliphatic dialdehydes, ketone-aldehydes
and diketones form a closely united group of compounds in which the
dialdehydes are distinguished by their instability in the free state.
The first member of the series, glyoxal, exists in a stable form only
(1)as a colourless polymeric hydrate . Malondialdehyde has not been
(2)isolated m  the free state although it is known in aqueous solution , 
succi’ndialdehyde is a colourless oil which readily polymerises and 
glutocondialdehyde is a polymeric glass.
CHO . ' / C H O  / CH0 / C E O
I (C^  (“ 4
CH0 N CHO X hO ' \cHO
Glyoxal Malondialdehyde Suecindialdehyde ' Glutacondialdehyde
Malondialdehyde - '
Malonaldehyde is found in nature as one of the many carbonyl
(•z
compounds produced by the oxidation of food lipids . Its
quantitative determination has been used as an index of the oxidative
(7-9) (If 9)
rancidity of many foodstuffs , including egg powders • , citrus
fruit j u i c e s g r o u n d  nut meats^^ and milk p r o d u c t s ^ ^ ^ .
In addition to being found in deteriorating foods, malonaldehyde has
also been identified as one of the radiolytic products produced in
(l^ f-15) (15)cereal grains, wheat flour and potato starch , and in sugars
that have been exposed to ^ -radiation. The amount of malonaldehyde
found in radio-pasteurized frozen eggs is proportional to the radia- .
tioii exposure and forms the basis of a proposed method for dosage
. (17)estimation .
Interest in the analysis of malonaldehyde in foods has resulted
. *\
in many of its coloured condensation compounds being evaluated as
potential methods for its spectrophotometric or spectrofluorometric 
determination^ The most widely quoted methods of malonaldehyde 
recovery generally end with a final colourimetric procedure involving 
a condensation with thiobarbituric acid to produce the measured
- (if,10,17)'colour 7 7
Food chemists have studied condensation reactions of malonaldehyde
(19-21) (22)with proteins and single ammo acids , both to determine
their effect in the destruction of natural biological properties of
c e l l s a n d  muscle^^, and to identify reactions which remove .
malonaldehyde in vivo. These can sometimes produce a poor
correlation between the malonaldehyde value and other oxidative
(23-25)parameters of certain foods . ,
.3 Dialdehyde-amine condensation reactions
1.3 (A) Glyoxal
The condensation of glyoxal with aniline has been reported
(26 27)to yield tars from which no pure products can be isolated 1
(28)However,. some substituted anilines, namely A—aminophenol ,
^f-anisidine^ , 2-hydroxy-5-chloroaniline, 2-hydroxy-5-nitroaniline^^
(31) .
and ^-(NN'dimethylamino)-aniline , on condensation with glyoxal, 
yield N-substituted aromatic-1,2-diimines, (I).
00 
w " ..H-C-C-H
(I)
(32) .Bayer reported that the 2-aminophenol condensate is a
• - (pO\
1,2-diimine, but Murase subsequently showed that the compound
is actually a cyclization adduct , (II.). The latter readily rearranges
/) / A)
o oI I
+ HG-CH CHCH
(II)
into the 1,2 diimine form in the presence of metal acetates with 
the formation of (glyoxal-bis-2-hydroxyanilato) metal (II) 
complexes (ill)
(III)
More recently the effect of the solvent on the condensation
(35—39)reactions has been studied by Kllegman and Barnes , who
found that glyoxal reacts with excess aniline in isopropyl 
alcohol to give 1,1',2,2' tetrakis(phenylamino)ethane, (IV), 
or with two molar equivalents of aniline to give 1,2-bis- 
(phenylamino)-l,2 dihydroxyethane, (V).
C^H^NH ^ N H C ^
CH-CH 
/ \
C,HcNH NHCrH_
6 5 6 3
HO OH
CH-CH 
/ \  
c6h5nh nhc6h5
(IV) (V)
Schiff base 1,2 diimines are formed with o-toluidine, 
p-toluidine and p-chloroaniline, but ethylene glycol
derivatives similar to (II) are obtained from m- and 
p-nitroaniline, with incorporation of the solvent alkyl group, (VI)
0 0 . R'O OR'
I I K'OH I I
RC6HZfNH2 +  H G -G -H  ---------->  RCgH^NHC-CHNC^H^R
R = m, or p-N02 R' = CH (VI)
The reaction with o-aminobenzoic acid is similar to o-aminophenol 
in that a cyclic product 2,2'-bis('1,2-dihydro-if-oxo-3J'1-benzoxazine) 
is formed, (VII)'.
(VII)
1.3 (B) Malonaldehyde
Attempts to prepare dialkylimine salts (VIII) by the condensation
I
of alkylamines with acid hydrolysed malonaldehyde-tetraacetal in
(bo)ethanolic solution have been reported 
oils and tars are produced.
In each case intractable
Cl (VIII)
The first compound of this type to be reported was the 
Bis(NN'diethylbutane-1,3-diiminato) cobalt complex which is obtained 
from the reaction of anhydrous cobalt chloride with lithium diethyl­
amide in tetrahydrofuran solution. From this complex both the free 
base (IX) and the base hydrochloride are produced. However, 
neither of these are sufficiently stable for analytically pure
(41 If2) 
samples to be isolated ’
CH
(IX)
In contrast to the glyoxal-aniline reaction and the condensation
of malonaldehyde with alkyl amines, it condenses with aniline and
aryl amines generally, to give crystalline Schiff bases. Malon­
es) •dianil was first prepared by Claisen by a two-stage reaction 
of propargylaldehyde with aniline. Initially an addition compound (X) 
is formed, which on boiling with alcoholic/aqueous aniline hydrochloride 
condenses to yield the dianil salt as an orange-yellow crystalline 
precipitate (XI).
H-C:C-CHO + C6H^NH2 — » H-C:C*CH(OH) •NH*CgHj_
(X)
H-C:C»CH(OH) •NH*C/rH_ + C.HJJH^.HCl — N:CH.CH:CH-NH.C^Hc.HCl + HJD 
. 6 5 ■ o 5 2 6 5 o 5 2
' (XI)
More usually these salts are prepared by the in-situ condensation 
of the selected aryl amine with acid hydrolysed malonaldehyde-tetra- 
acetal, (1,1' ^ <>3' tetraalkoxypropane) .
The structures of a number of these salts, prepared from
(ifq £f6 if7)
substituted (R) anilines, have been examined ’ ’ including
R = 2GH^, 3CH^, kCEy f^nC^ H^ , *{C1, 1^, 20^0, 2 0 ^  and
teg*. as well as the 1-aminonaphthalene, 1-aminoanthracene and 
1-aminoanthraquinone derivatives.
In spite of the fact that this wide range of salts has been
reported, only a few of their free bases have been examined,
namely the aniline (malondianil), 2-,3- and 4—methylaniline,
(2f0 4-7 '4-8)and 4-bromoaniline malonaldehyde Schiff bases ’ ’
With aromatic diamines the products depend both upon the 
orientation of the amino groups and the molar ratio of amine 
to aldehyde. Thus with para- and meta-phenyl enediamine 
polymeric condensates are expected (XII) and (XIII) respect­
ively, but with ortho-phenylenediamine a 1:1 product (XIV), 
the 1,5 benzodiazepinium cation; a 2:2 product (XV), the 
15,14- dihydrodibenzojbTJ J5,9? 14,18| - tetraazoannulen salt 
and/or the polymer (XVI) may result.
(XIII)
- 15 -
(XIV)
(XV)
(XVI)
(Zf9)
Lloyd, McDougall and Marshall have prepared the 1,5 benzodiazepine 
by refluxing o-phenylenediamine with 1-ethoxy-1,3,3'trimethoxypropane 
in ethanolic glacial acetic acid.. Crystals of the diazepine form in 
the solution on standing overnight after the addition of concentrated 
hydrochloric acid. The 2:2 macrocycle may be obtained from ;
o-phenyl enediamine and propargylaldehyde^^, although much
effort appears to have been put into its preparation by means of
(51-53)metal-template syntheses , without great success.
None of the chain polymer condensates appears to have elicited 
any interest.
1-3 (C) Substituted malonaldehydes
(i) 2-substituted derivatives
Malonaldehyde exists as the <*& unsaturated keto-enol tautomer
(XVII) , thus mono-2-substituted derivatives are the most
usual. However, a few stable 2,2'derivatives of the uncommon
(57)non-conjugated dione form have been reported (XVIII)
— R
R
I
OHC— C— CHO
I
R
(XVII) (XVIII)
*
These are said to react readily with metals to form salts having 
the usual ocB unsaturated structure and to give the usual aldehyde 
reactions. However, no mention has been made of their reaction 
with amines.
The mono-2-substituted conjugated malonaldehydes behave in a 
similar manner to their unsubstituted precursor towards amine-compounds. 
Consequently only methods of introducing 2-substituents into malonal­
dehyde or malon-acetals are referred to. In addition, only a selection 
of the numerous references is given.
Methods of preparing 2-alkyl and 2-halogeno malonaldehyde
( rR}
or acetal have been described by Ficini and Normant , by 
Klimko and Skoldinov^^, and by McElvain and Morris^^. 
Other derivatives having 2-substituents such as cyanide (CN)(61)
aldehyde (CHO) f^2\  hydroxyl (OH, reductone) arylazo (ArN:N-)^^
acylamide (R*CO*NH-) , and trinitrophenyl^^ are known.
A ver*y convenient method of preparing 2-chloro and 2-bromo 
malondianils is from the direct reaction of the respective 
mucohalogen acid and a n i l i n e T h u s  mucochloric acid in 
alcoholic solution reacts in the cold with aniline to precipi­
tate 2-chloromalondianil hydrochloride, (XIX).
Cl
\
2C6H^NH2 + Cl-Ct
C— COOH
/
c = o
H
H
C=NC,H_
/ $ 5 ^
Cl-C HC1-.+ CO..
Y  2F-NHC.H^ '
H 6 5
(XIX)
These mucohalogeno acids also react with metal nitrites to 
produce the corresponding metal salt of nitromalonaldehyde.
For example, sodium nitrate and mucobromic acid give sodium 
nitromalonaldehyde ^  \ (XX).
CHO
I
C-NO, 
I ‘ 
CHO
Na (XX)
Although these salts are potentially explosive, being both
impact and thermally sensitive, they have been much studied
(.72.)and their chemistry was reviewed in i960
In aqueous solution the metal nitromalonaldehyde salts react
(n-z olj.)
with aniline hydrochloride to produce the monoanil (XXI) ’ ,
and in alcoholic or acetic acid solution they react with aniline
(Oif)
to yield the dianil (XXII) . The condensation products with
NO.
(XXII)
NO,
(XXI)
(75)substituted anilines have also been described .
(ii) 1,3-disubstituted malonaldehydes
Acetylacetone, and 1,3 diketonesin general, could be 
considered to be 1,3 disubstituted derivatives of malonaldehydes.
It is surprising therefore that, despite the enormous amount of
work on acetylacetone, only occasional reports of its dianils
(*76 7Q) *have appeared in the literature . However, the simul­
taneous publication of papers by McGeachin^^ and Parks and 
(81)Holm reported a series of the dianils, their acid salts and 
transition metal complexes.
Metal complexes
1.4 (A) Chelates of monoanionic conjugated B difunctional ligands
The NN'di(substituted)propene-1-amino-3-imine compounds are 
potential members of the monoanionic conjugated B difunctional class 
of ligands (XXIII), where X = Y = NR, and are therefore part of. one of 
the most intensively studied ligand systems in
co-ordination chemistry. • Of the other ligands in this class the
2
(XXIII)
(82) (83)chelates of B ketoenols (X = Y = 0), and the B ketoamines 
(X = 0, Y = NR), are the most thoroughly investigated. Other
m )less well-known members are the B thiooxoketones (X = 0, Y =
(88)
the B dithiodiketones^^ (X = Y = S), B amino thiones^^
(X = S, Y = NR), and the B diselenodiketones^*^ (X = Y = Se).
The first B aminoimine chelate to be isolated, Cu(ll)bis- 
acetylacetonedianilate (XXIV), R = was reported in 195&
having been prepared from cuprous chloride, acetylacetonedianil 
hydrochloride and potassium methoxide. No further examples of 
acetylacetonedianil complexes were reported until 1968 when both 
McGeachin^^ and Parks and H o l m d e s c r i b e d  the preparation 
and properties of a range of these compounds. In the former
C H 3- ^ ^ / C H 3
R
(XXIV)
paper both the optical spectra and magnetic moments of Co(ll), 
Ni(ll) and Cu(II) complexes of the ligand, with R- = H, CH^, 
and are given. All are concluded to be of
pseudotetrahedral stereochemistry except those with the unsubsti­
tuted nitrogen ligand which are square planar.
Only Ni(ll) derivatives were reported in the latter paper 
withR = CH2.C6H5, C6H5, 'm6Rk-66K5, 2CH3-C6H4, JCHyCgH^and 
hCE^C^I^. From their ligand-field electronic spectra, magnetic 
moments and contact shifted proton magnetic resonance data all 
are reported to. be pseudotetrahedral. ■ '
The first malondianil complexes reported were the Co(ll), 
Ni(ll) and Cu(ll) compounds^^. These, together with their 
methylmalondianil analogues, are prepared by refluxing the 
metal acetate with the dianil base in alcoholic solution.
A spectroscopic and magnetic investigation of these cobalt, 
nickel, copper and zinc malondianilates indicates that they 
are all of pseudotetrahedral structure^^ (Appendix A).
' (XXV)
Other Bis[NN'di(aryl)propene-1-aminato-3-iminej metal(II) 
chelates (XXV) have been prepared from the corresponding ligand 
hydrochloride salt, metal acetate and potassium tert-butoxide 
by Honeybourne^^1'^ (R = JCE^., M = Co,Ni,Cu; R = kCE^,
M = Co,Ni and R ■= 4nC^H^., M = Ni). The isotropic proton NMR 
shifts observed in these molecules are interpreted in terms of the 
delocalisation of -ligand If electrons into metal atomic
(92*93)
orbitals in a pseudotetrahedral environment ’
Infra-red and magnetic moment measurements of the Ni(ll) 
and some of the Cu(II) chelates of a series of nitromalondianil
reported even though all of the chelates are soluble in both 
alcohol and dioxan, and solution magnetic moments in chloroform 
are discussed. From the latter measurements a tetrahedral-type 
co-ordination has been inferred for all of the complexes.
Finally, a comprehensive study of the Go(ll) and Zn(ll)
complexes of the unsymmetrical ligand NN'diethylbutane-i,3- 
(Vl bZ)
diimine (XXVI) ’ . has indicated that the metal, ion is 
pseudotetrahedrally co-ordinated and that this ligand produces
a very strong field at the metal ion.
1.*f (B) Chelates of multidentate ligands
In the previous section only complexes of monoanicnic £ di­
functional, and therefore: bidentate, ligands were considered. 
However, by suitable selection of the substituent ortho to the 
amino group condensed with the aldehyde, both multidentate and 
polyanionic ligands may be obtained. At present only two 
ligands of this-class appear to have been.prepared. They are
(ah)
ligands have been made , where R = H,.‘2CH_, 3GH_, bCE^ and
t> j j
^lCH_0. Surprisingly enough, their electronic spectra have not beenj
(XXVI)
M |/2 C2H5
the 2-aminophenol-(XXVIl) and 8-aminoquinoline-(XXVIII) malonaldehyde 
condensation compounds.
OH HO
(XXVII) (XXVIII)
From a comparison of the chemical behaviour, vibrational and
electronic spectra of malonaldehyde bis-2-hydroxyanil complexes
with glyoxal bis-2-hydroxyanil compounds, Bayer concluded that
the latter contains a conjugated 5-membered ring (see diagram III)
(xZf 95)
but that the former compounds (XXVII) are non-conjugated ’ .
The 1-(8-quinolylamino)-3-(8-quinolylimino)-propene trihydro­
chloride was prepared^^ and found to give pink to red complexes 
with Cd(ll), Co(ll), Ni(II), Fe(II), Mn(ll) and Pd(II) salts in 
acetate buffered or ammoniacal solutions. The composition of the 
red crystalline Cd(II) salt corresponds to Cdl/Ul^ .
1.4- (C) Metal salts
In addition to forming metal compounds in which the metal ion
is chelated these ligands also form metal salts of uncertain
(97)structure and formulation. Scheibe noted that "the additative 
compound of acetylacetonedianil and zinc chloride, C^^^gN^ZnCl^, 
is formed when molecular proportions of zinc chloride, aniline and 
acetylacetonemonoanil are warmed together with a little alcohol". 
Similarly crystalline precipitates have been isolated from the
direct reaction of malondianil hydrochloride with cobalt chloride
in ethanolic solution(*K),91,98)^ Although the structures of these
compounds have not been established, they may possibly be similar
to the transition metal 1,5-benzodiazepinium salts prepared in an
(99 100)identical manner by Hunter 5 . These, he found, are tetrahalo-
metallates of formula D^MCl^, in which the diazepinium cation is not 
co-ordinated to the metal.
1.^ (D) Organometallic compounds
A series of N-lithium derivatives of acetylacetonedianil and 
some malondianils^^ kave -been prepared by the reaction of
1:1 molar ratios of the dianil with n-butyl lithium in tetrahydro- 
furan solution at -78°C. They are all red in colour and very 
.reactive, being especially sensitive to water which liberates 
the parent amino-imine. Their proton NMR spectra are akin to 
those of their parent dianils and Fisher concluded that the 
delocalised structure (XXIX) is more probable than the cyclic 
'aromatic' structure (XXX). *
(XXIX) (XXX)
Although it may be thought that these compounds should have 
been considered in Section 1.*f (A), the traditional viewpoint of 
'non-co-ordinating' alkali metals has been adopted, hence they 
are placed in a separate section.
CHAPTER TWO
Some NN'di(aryl)propene-1-amino-3-imines
1 Introduction
The free Schiff bases, amino imines, reported in the literature
have usually been prepared in the form of their acid salts, and the
free bases are subsequently liberated from these. Since the free
bases tend to be susceptible to alkaline hydrolysis the methods of
liberation employed normally avoid the use of hydroxide alkalis.
Thus the acid salt may be reacted with metal alkoxide under anhydrous
conditions, the solvent is then removed, and the free bases extracted
into a dried solvent such as ether or pentane^^’^ ^ . Another proce­
ed?) .dure is to treat the acid salt with sodium bicarbonate in aqueous 
ethanol and the free base is then precipitated by the addition of 
excess water.
Thus the following acetylacetonedianil and malondianil compounds 
have been isolated and their structures examined.
R
/ N H  N \
R R
^ N H N \ ,R
R Reference R Reference
80
80,81
81
81
2,3 & toKyCeEk 
>BrC6Hv
25,*K)',k8
^0,^7
h7
81
.2 Preparation and characterisation of some NETdi(aryl)propene-1-amino 
-3-imines
2.2 (A) Preparation 
The following malondianils with Ar = ^5^5 ^ & ^CH^OCgH^,
2 8c AC^H^OC^H^, and 2,3 & are sufficiently resistant to
hydrolysis to be precipitated from solution in alcohol by the 
addition of excess ammonium hydroxide without significant 
decomposition; Because the salt is not very soluble
in alcohol, it was dissolved in dimethylsulphoxide and its free 
base precipitated by the addition of excess ammonium hydroxide 
and water to this solution. _
All the other free bases described were obtained by addition 
of sodium bicarbonate solution to the dianil salt dissolved in 
aqueous ethanol. The precipitate must be allowed to coagulate 
before filtration is attempted, otherwise the filter paper 
rapidly becomes blocked. Aggregation of the precipitate can 
be induced by vigorous shaking of the solution and, when a mat
I
of the yellow precipitate is floating on a substantially clear 
liquid layer, filtration may be commenced.
The precipitate was washed with water and dried in vacuo 
over activated silica gel.
2.2 (B) Characterisation 
The elemental analyses of these compounds are given in
Table 2.1.
v
All of the ortho alkyl- and halogeno-substituted phenyl 
compounds, apart from the trifluoromethyl-deriv§.tive, were 
obtained as oily liquids from which no crystalline product 
was isolated. ,
Table 2.1 Elemental Analyses
Aryl X M.Pt.
°c G%
Found
E% N#
Calculated 
C% E%
Water of 
crystallisation
E 115 81.3 6.29 12.^ 81.1 6.30 12.6 -
bCK3CeRk H 160 81.8 7.26 11.2 81.6 7.23 11.2 -
JCE30 6Ek H 81 81.3 7.26 11.1 81.6 7.23 11.2 -
b C E ^ eEk H 135d. 71.7 6.09 9.65 72.3 6 A 2 9.65 -
2 0E f 0 eEk H 95 72.3 6.59: '9.80 72.3 6 A 3 9-92 -
J f e h H 162 55.3 3.25 7.67 56.9 3.38 7.82 ■ -
H 1V| 55.0 3.20 7.50 56.9 3.38 7.82 -
H 86 57-3 3.31 7.82 56.9 3.38 7.82 -
H 158 . 69.6 V 52 10.8 69.8 k.68 10.9 - -  .
- H 159 69.6 V 58 10.8 69.8 k.68 10.9 - :
ta.c6^ H > l 60d. 57.8 V 18 8.8V 58.3 k.53 9.06 1 H2°
3010^ H 13*f 60.9 3.93 9.58 61.8 V .15 9.62 -
bBTGeEk H 161 ^7.1 3.08 7.31 k7.k 3.18 7.37 -
m 2ce \
H 203 56.7 3.77 17.6 57-7 3.87 17.9 -
3N°2cA ’H 1^5 56.9 3.80 17.8 57-7 3.87 17.9 -
c6H5
Cl 180 69 .k 5.16 10.6 69.0 5.20 10.7 " 1 / V ‘H 0
kCX3C6Kh Cl 181 70.5 6.01 9.71 71.7 6.02 9-8V “
^ e? g\
Cl 105 70.2 5.95 9.76 71.7 6.02 9.8V -
^ Ce \ Cl 1^7 72.1 6.68 9.11 72.9 6.77 8.96 . -
iKffljOOgH^ ' Cl 159 6k .7 5-39 8.96 6V 5 3 M 8.8*f -
^ S Ek
Cl 177 61.5 3.78 9.^8 ‘ 61.6 3>.79 9.57 -
^ 6Ek Cl 162 60.2 3.68 9-V 59.7 V01 9.29. 1/2 H20
hGlCeEk Cl 159 52.9 3.29 7.81 53-5 3 -kO 8.60 -
kBrGfa Cl 157 ^2.7 2.^3 6.09 k3.k 2.67 6.76 -
d = decomposition
2.2 (C) The infra-red spectra of some NN'di(aryl)propene-1-amino 
-2X-3-imines
A complete analysis of the infra-red spectrum of a compound 
of this type has not been found in "the literature, although the vibra­
tional frequencies of the C = C and C = N bands in a series of
/ \ (gif) . »
nitromalondianils (X = NO^; have been given (see Table 2.2).
/Oq qo\
Similarly the infra-red spectra of malondianil . , (X = H),
methylmalondianrl/^\ (X = CH^), and NN' di(ethyl)butene-1-amino 
(Zf2)-3-imme have been described and assignments made.
Table 2.2
Aryl X Band frequency 
N-H C=N
(cm~1)-
C=C Phenyl
Reference
C6H5 N02 - ' A6k7 1577 - 9^
no2 - 1630 1553 - 11
3CH3c6Hif no2 - 1633 155 V - 11
N02 - 16^3 1578 . - 11
^JCHOC.H, 3 6 h N02 - 1633 1558
11
C6 %  ’ H 3200 I6*f8 1565 1600,1300 89
C6H3
ch3 3295-3035 16^3 1568-1555 1602,1302 11
According to Bellamy, the C = N stretching absorption lies in the
_y\ (103 10 -^f)
range 1690-16^0011 in open chain and non-conjugated ring systems ’ 
However, when the C = N bond is conjugated with- olefinic bonds the 
magnitude of the C = C/C = N vibrational interaction precludes, in 
his opinion, the identification of the observed bands with stretching 
vibrations of either bond^^-.
—1 -1Thus the pair of very strong bands at iS^ fOcm and 1590cm
in the spectrum of NN'di(ethyl)butene-1-amino-3-imine, due to
vibrations of the conjugated C = C, C = N skeleton, are not
(if2)identified with any specific vibrational mode . The N-H 
stretching band frequencies in this compound are reported as
—'I * •
3250cm and 30 0^cm
Bayer^^^ has reported the non-conjugated B diimine 
structure for malondianil, and this error has been repeated 
in the Documentation of Molecular Spectroscopy (DMS) coded 
punched card series
A thorough study of the infra-red spectra of the free
Schiff bases reported in this thesis has not been undertaken, but
the mull spectra of several were recorded before being
submitted for elemental analysis. The common features in
all of these are shoulders and/or bands of medium or weak
intensity in the 3^00-3100cm range and weak aromatic bands
—1between 3^00 and 3000cm (Table 2.3) together with strong 
absorptions in the 1660-1500cm range. (Figs. 1 & 2),
-1Overtones of the strong l600-1500cm bands are to be
-1expected in the 3200-3000cm region of the spectrum.
-1However, the band at ca. 3200cm , by virtue of its intensity,
constancy of position, and lack of suitable overtone and 
combination band candidates is assigned to the N-H vibration.
The only compound examined in solution was malondianil.
Its spectrum in carbon tetrachloride and dichloromethane, (Fig. 3)?
— 1 —1
has a weak band at ca. 3^20cm and others at 3060cm and
001
0 w 
.3 \  
-P H <D O s *o
1 2 OJ s
«H -H
•P O
§ 8  
-P i—I0 o 
S *o1 2-3~ S
«H -H
•p o o &<1) *H
bO
2 9>*~vy}
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Table 2.3 Infra-red spectra of some NN'di(aryl)propene-1-amine
-2X-3“iffl±nes in the N-H, C-H stretching vibration region
Aryl X —1Absorption band maxima (cm )
C6V
H 331Ovw 3200 3110sh 3083 3033 29^ 2863
C6H3
Cl 3270 3190 3100 30^3 2973 2910 2830
^CH3C6H/f H 3193 3023 2925 2833 2760
t o 3C6 \ H 3l80sh 3073 3020 2913 2813
2CF3C6^ H 3373 32303163 3073 3030sh 293O 2865
H 331Ovw 3200 3110sh 3080 3023 29^ 2860 2760
H 3193 3080 3020 2930 2860
3N°2c6h^ H 3190 3090 3070 2980 2930 2860 2770
AN°2C6IV H
..  7- 3190 3070 2930
Hexachlorobutadiene mulls vw = very weak sh = shoulder
Tig. 3 Infra-red spectrum of malondianil dissolved in dichloromethane
h
~i—
Sooo
-i
3500 2S o o
-I
Cm.
-  jc. -
-12990cm . These results agree with the findings of Tsybma, 
Protopopova, Vinokurov and Skoldinov^^ who have reported
-'1
the N-H band, in dichloroethane solution, to be at 3423-3420cm 
3- Tautomerism
The presence of infra-red absorption bands in the solid state 
and solution spectra of the free Schiff bases arising from N-H 
vibrations shows that the conjugated B amino-imine tautomer (la) 
occurs in each state. . Their presence does not however, reveal 
or exclude the existance of the non-conjugated B diimine 
tautomer (lb).
(43)When Claisen reported the prepartion of malondianil he
assigned the amino-imine structure to the compound on the basis
of the preparative route used (see page 13 ). This structure
1has been confirmed by H NMR data for malondianil and its para-
methyl and bromo (Ar = CgH^ ., 4CH^*CgH^ and ^Br'C^H^) derivatives
(47)by Barry, Finar and Mooney . They found no evidence for the 
existance of the B diimine form in the NMR spectra of these 
compounds, but found that the structurally similar free 
• benzo-1,5-diazepines exist as the diimines (Ila), while their 
acid salts revert to the conjugated s t r u c t u r e 108).
R-N:CH•CH:CH•NH-R R-N:CH-CH2-CH:N-R
(la) (lb).
/R H /R
(Ha) (lib)
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1Other free Schiff base compounds of malondianil whose H NMR
(109)spectra have been reported are the benzylamine
(4o)
and both
ortho and meta toluidines' ‘T", (R = CgH^CH^ 2CH^CgH^, 3 0 ^ 0 ^ )
without any trace of the non-conjugated ft diimine being detected.
The proton spectra of the NN'di(aryl)propene-1-amino-3-iniines 
and some NN'di(aryl)propene-1-amine-2-chloro-3-imines are reported 
in Table 2.4. The former have AX^ type spectra (Fig. 4 ) for the 
malon-bridge protons and the latter have A spectra (Fig. 5)-
1Table 2.4 100MHz H NMR spectra of some NN'di(aryl)propene~1-amino
-3-imines and some NN'di(aryl)propene-1-amino-2-chloro-3-iniines
Aryl
Chemical Shift (S ppm)
Solvent
NH H-1,3 Aromatics H-2 Others
C6H3
t o 3C6H4
2CF3C6h4
t e 3°6H4
CC1,
3CH3C6H4 CCl^
CDC1.
CC1,
CC1,
CC1.
11.85b
11.70vb
11.64
3CF^C6HZf CDCl^ ca.12vvb
11.7vb
12.09b
. 6l\
.55}
.66)
.5917 3 ]
7.68]
7.62J
(1)
7.72
7.66
7.63
7.39
7.63‘
7-37.
d
7.0*
6.83'
.7.17'
7.08
7.01
6.92
(AB).
7«3*
6.83"
6 .83 '
5 -061
3 .00  
4.94
5.07'
5.01 
4.96
5 .18
5.12
5.06
3 .26
5.20
3.14J
5 .0 8 ' 
5 .0 2  
4.96,
5.07'
5.01
4.95
2.38
§ 2*32 3 .06  t *
3.81
Aryl
Chemical Shift ( 6 ppm)
Solvent —  ---------------- ;--------------------------
NH H-1,3 Aromatics H-2 Others
hCE^OG^ CCl^ ?
3FC6H/f CDCl^ 10.8vb
3C1C^H^ CDCl^ 12.7vb
3BrCeEk CDC13
il-BrC^ CDCl^ ?
C10H? CCl^ 12.97b
(1-naphthyl)
C6H5
Acetone 12.2vb
7-52
7.^6
7.66
7.60
Acetone
7.60
CD
7.82'
7.75
7.88
7.80
6.96^
6.86
6.77
6.68
(AB).
7.66b 6.8*f*
7.60
7.06"
7.66]^  7.16*
7.60
7.66 7.^6
7.38
6.98
6.89,
7-3*
7.D*
6.96'
(AB),
^.9 5)
k.89
^.83
3.23' 
5.16 ,
5.10,
5.23] 
5 .161 
5.09,
5-23' 
5.17
5.11,
5.21' 
5.15ft
5.091
5.23V
5.26/t
5.20)
5 .16'
5.10}t
5.0^
5.35 t'
kcuf6nk
2Cf3c6h^
3CF3C6Hif
3ca.c^
Acetone
Acetone
Acetone
7.92
7.86
Acetone 11.76b (1)
Acetone 11.15b 8.3M-, 7*7
8.2*f
‘"Id• 90/
8.05
7.96 d
7.22]
7.12
7.09
7.00
(AB)
7.03* 
7.22*
5.^1 t*
3 . ho
5.3h\t
5.28
5-90vbs
5-56sb
5.68b
3.72
(2)
(2)
Chemical Shift (•S ppm)
Aryl Solvent   1-----------------
NH H-1,3 Aromatics H-2 Others
^BrC^H^ Acetone 7-50^
7.^2
7.'\k
7.06J
(AB).
C10H7
(1-naphthyl)
Acetone ca. 13w b  8 
8
2CH^0CgH^ Acetone
'2CH OCgH^ Diethyl 
ether
11.8b
.10)
.03]'
-9M,
- 77)
•?3l• 70)
7.06<
7-09
5-z£sb
3-36sb
5-19
5-13
5.07
5-10)
5.0*f
^.98
3.85
(2)
2CH30C6Hv CH,CN
5
12.3w b 8.07)
8.00Jd
7.28 * 5 - 2^vbs A .13
2cs^ccs \ CH NO ..5 2 ? 7.75)^7.68)
6.95* 9 (2)
■bcs3cc6Eh Acetone ? 7.8°) , 
7.72)a
7.13'
7.0A
6.91
6.82
(AB) 2
9 (2)
kcn3oc6nk CH CN 
5
? ■ 7.761-' 
7.68]
7.12'
7.02
6.92
6.82
'
(AB) 2
? (2)
DMSO ? 7.83), 
7.72-1
7.00’
6.91
6.83
6.7 ,^
(AB) 2
f?.60vbs (2)
C6H5
CDC1_
5
? 7.75 s 7.20* Cl -
c 6h 5
DMSO 10.9b 8.20s 7.2*f* Cl -
CDC1_
3
? 7-73sb 6.90* Cl 2.35
CDC1_
5
9 7-77sb 7.18^
7.10
7.00
6.92,
(AB) 2
Cl 2.35
Aryl
Chemical Shift ( S ppm)
Solvent ■ ■“ 
NH H-1,3 Aromatics H-2 Others
CDC1 ? 
3 7.73sb 7.21^ 7.12  
7.03 
6.9^
(ab) 2
Cl 2.7^
2.67
2.39
2.32,
1.3G] 
1.23K  
q 1.16J
CDC1 ? 3 7•72sb
*co Cl -
s = singlet d = doublet t = triplet q = quartet
v = very b = broad
* - highest peak of complex group of signals 
§ = centre of indistinct triplet 
DMSO = dimethylsulphoxide
(1) = signal masked by phenyl ring protons' signals
(2) = signal masked by solvent protons' signals
No trace of the ft diimine tautomer appears in these spectra, 
even though some samples have been examined in a range of solvents.
In general these compounds have extremely broad N-H resonance 
signals which are only observed when certain conditions, such as 
the compounds' solubility, are favourable. The 2-proton's signal 
when the compound is dissolved in CCl^ or CDCl^ is usually a sharp 
triplet, but when the compound is dissolved in acetone or other 
polar solvents the triplet is often ill-defined or appears as a single 
broad absorption. Whether this broadening is due to slow exchange
'[kof this proton, to N quadrupole relaxation effects? or other
(25)conformational changes, is not clear .
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Geometrical Isomerism 
2.k (A) Introduction
Three planar geometrical- isomers may be postulated for 
the amino-imine tautomeric form of the Schiff base anils of 
malonaldehyde. These are the 'all-cis' (Illc), 'cis-trans1 (Illct), 
and 'all-trans' (lilt) structures shown below.
FT H R R
H 
•NR RN
H
(IIIc) (Illct) (nit)
Daltrozzo, Feldmann and Scheibe^^ investigated the occurrance 
of these isomers in malondianil by means of electronic and H NMR 
spectroscopy. They found that the all-cis/all-trans equilibrium 
is both solvent and temperature dependent, the trans isomer 
predominating in hydrogen bonding solvents such as alcohols.
*
(25)
A later study by Buttkus and Bose has confirmed these 
results for malondianil.
2.b (B) H spin-spin coupling
1In general the H NMR spectra of the free bases do not show
the separate signals of each individual geometric isomer present.
Instead, the 'averaged* spectrum of all of the isomers is observed,
indicating that the interconversion rate between these structures 
1is 'fast' on the H NMR time-scale, so that a given molecule does 
not remain in one of the particular conformations for a sufficiently 
long period for the spectrum of that conformation to be observed.
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Table 2.5 The variation in the spin-spin coupling constant J(1,3-2) 
with solvent of some NN7di(aryl)propene-1-amino-3-iinines
Aryl Solvent J(1,3-2) 
(Hz)
Sweep width 
(Hz)
°6H5
6.0 50
Acetone 6.10 50
Ether* S.k5 50
MeCN 7.75 50
n-butanol 10.60 50
n-propanol 10.6 50
Ethanol 10.75 50
Methanol 11.00 50
20^ 00^ CCH  : " 6.0 50
Ether* 6.3 100
Acetone 6.8 - 250
MeN02 6.8 100
MeCN 7.0 50
DMSO 8.5 250
Ethanol 9.6 100
Methanol 10.1 100
bcn3cc6Ek CCl^ 5-9 250
CDC1,
2 6.3
250
■ Acetone 7.0 250
1, ^f-dioxan 6.5 250
. MeCN 8.3 250
DMSO 10.0 250
Ethanol 10.8 ' 250
* = diethyl ether Me = methyl DMSO = dimethylsulphoxide
It is still possible, however, to identify the predominant 
geometrical isomer present in a given solvent from the observed 
spin-spin coupling (JQ)* The magnitudes of the actual spin-spin 
couplings of protons trans across a double bond (iVa) is about
(110)double that of cis-coupled protons (IVb) . In cases where 
interchange between these two coupling situations is rapid the 
observed coupling (J ) is expected to be the weighted statistical 
average of the actual couplings in each i s o m e r .
Ha\ / x Ha\___/ Hb
x / '_ n h c . X / _ X X
(IVa) (IVb)
J ^  2J ' ac ab
Let Jc and J be the actual coupling constants in the ’all-cis’ 
and ’all-trans’ conformations respectively and J * and J * be the
C X
cis- and trans-couplings in the ’cis-trans’ isomer. Then
J = Mt.J. + Mc.J + Mct(J, * + J *)O t C “2“ t c
where Me, Mt and Met are the mole fractions of the ’all-cis’, 
’all-trans’ and ’cis-trans’ isomer respectively.
If the magnitude of the coupling constant in the ’all-cis’
conformation is equal to that of the cis-coupling in the ’cis-trans’ 
§isomers , that is
J = J * c c
§ . ... . . (113,11*0 . .. (115). as is the case m  the pentadienyl anion ’ - and cation
-■41 -
and similarly
then
Jt = V
J = (Mt + Mct)J, + (Me + Mct)J
0 ~  ■ ~ T  c
Since
Mt + Me -t Met = 1
we may substitute
Mt = 1 - Me - Met
so that
J = J - Mc(J, - Me) - MctGF - J ) O t t “2“ t c
Thus
„ ^t Jo Met
Mo = j: - “  -  tt c ,
and similarly•from
Mt = 1 - Me - Met
we have that
Mt - J° "
“ J, - J 2t c
From Table 2.5 we see that Jq is at a minimum in non-polar 
non-hydrogen-bonding solvents, and tends to a maximum in polar 
hydrogen-bonding solvents. Thus we may say that in carbon 
tetrachloride.
J ■ ■) J 
o c
hence
Mt — > 0, Met — » 0 and Me — * 1
Similarly, in methanol solution •
J — * J.o t
and .
Mt — } 1.
The claim that Jq — ► J in non-polar media is supported by the
observed value of J (= 6.7Hz) in the chelate zinc(Il)bis-o
(malonaldehydedianilate) where the coupling is by definition 
'all-cis1, see .
If we assume that in hydrogen-bonding solvents such as methanol 
where Jq is a maximum, that — > J^, i.e. the isomer population
is virtually wholly 'all-trans1 so that = 11.0Hz, then
 Mt =~ J° ~ 6‘° -  M .5.0 2.
Substitution of the values for Jq given in Table 2.5 in this 
equation, with the assumption that the concentration of this 
'cis-trans' isomer is small compared with the other two isomers, 
results in the following figures for the 'all-trans' isomer 
concentrations (Table 2.6).
(Mct\~~2 ~J 'term in calculating the concentrations 
given in Table 2.6 is not valid in all instances, as is shown in 
Section 2.6. Nevertheless, the concentration figures show that 
a solvent's ability to disrupt the intramolecular hydrogen bond 
of the 'all-cis' isomer'is more a function of that solvent's 
capacity for hydrogen-bonding than a function of its polarity.
In particular, solvents containing hydrogen bond donor sites 
are much more effective than solvents that can only accept 
hydrogen bonds, even when the latter are more highly polar.
Table 2.6
Solvent Dielectricconstant
Mole
R=C6H5
fraction of 'all- 
2CH30C6Hif
■trans1 isomer
cciu 2 . 3 ^ 0.0 0 .0 -0.02
CDC1,
3
- - / 0.06
Diethyl
ether
*t.3^ 0.09 0.06 -
Acetone (1)20.7 0.02 0.16. 0 .2
MeCN 35.1(1) 0.35 0 .2 0A 6
MeN02 33. o^1? - 0.16 -
DMSO U6(1) - 0.3 0 .8
n-butanol 17.1^ ~ 0.92 — —
n-propanol 20.1 2^) 0.92 - -
Ethanol 2^.3^ 0.95 0.72 0.96
Methanol 33.6(1) 1.00 0.82 -
* = € , chloroform
(1) Reference 133 (€ 30A 0°C)
(2) Reference 13^ (£ 23°C)
(3) Reference 133 ( € 23°C)
A further point to emerge from Table 2.6 is that an ortho
methoxy group appears to have a screening effect, offering
some slight protection to the intramolecular hydrogen bond 
from solvent attack.
•3 Electronic Structure
2.5 (A) Introduction
The electronic structure and bonding in £ dicarbonyl 
tautomers has been, and remains, the subject of much discussion. 
In addition to the classical non-conjugated intra-molecularly
hydrogen-bonded structures (Via) and (VIb) a 'non-classical'
§ _  
aromatic structure having a cyclic six 7T-electron system has
(116118)been proposed (Vic) . This postulate may be applied to
(Via) (VXb) (Vic)
’ (109)the Schiff base anils of these ft diketones , and to other
conjugated N-H...N intra-molecularly hydrogen-bonded molecules.
Examples of these that have been discussed in terms of
non-classical aroraaticity include NN'disubstituted-1-amino-7-
(119)imino-1,3?3“cycloheptatrienes (aminotroponimines), (VII) ,
(120)and 6-aminofulvene-2-aldimines (VIII) , which have ten
and six TT-electron systems respectively.
§ The terms 'quasi-aromatic1 and ^ pseudo-aromatic' have been
(121)defined by Lloyd and Marshall ; the former of these terms 
includes those compounds referred to as 'non-classical' aromatic 
by Benson^22  ^and others . The term is used in this
work to describe the aromaticity of a planar conjugated molecule, 
involving T\ -electron delocalisation across a hydrogen bond.
R(VII) (VIII)
In so far as the published work on acetylacetone is concerned
little cognisance seems to have been taken of molecular geometries
other than the all-cis, due, no doubt, to the difficulty of
establishing the conformation of these molecules in solution.
Nevertheless, the present concensus of opinion appears to favour
the classical tautomeric model rather than the non-classical
(1
aromatic hypothesis , although evidence interpreted in
(l2*f 125)favour of the latter continues to appear 5 .
' (126—128 )However, Daltrozzo and Feldmann , in a study of the
Schiff base anils of acetylacetone recognised the controlling
Influence of the solvent upon the geometrical isomers and from
1a comparison of the H chemical shifts and electronic spectra 
of these anils in different solvents, and of their acid salts, 
concluded that the non-classical aromatic structure is not 
applicable.
2.5 (B) NN'di(aryl)propene-1-amino-3-imines; the conjugated
double bond and non-classical aromatic structural models
The physical manifestations of these two bonding models of
malondianils will now be considered.
On the tautomeric conjugated double bond model the lengths of
-  h& -
the carbon-carbon single and double bonds should be different, 
as should the lengths of the carbon-nitrogen single and double 
bonds. In addition a plot of the potential energy of the 
amine hydrogen against the interatomic separation of the 
nitrogen atoms should have a double minimum, (IX). Hence 
the nitrogen-hydrogen distances in the N-H....N system should 
be unequal. The molecule thus does not possess bilateral C^2v^ 
symmetry. Therefore, the 1- and 3-protons, as well as the
nitrogen atoms, are inequivalent and may be expected to have 
different chemical shifts in their respective nuclear magnetic 
resonance spectra.
In the non-classical aromatic model, however, the pair of 
carbon-carbon bonds will be of equal length as will both the 
carbon-nitrogen bonds. The amine hydrogen should be located 
equidistant from each nitrogen atom, residing in a single, 
broad-minimum, potential well, (X). The molecule is of C^y 
symmetry, hence the 1,3-protons experience identical magnetic
I
N— H...... N
(IX)
2
N H N
(X)
shielding and hence have-identical chemical shifts.
Precise determination of the bond lengths and position of the 
amine hydrogen atoms should yield unequivocal evidence of the 
correctness or otherwise of these alternative hypotheses. Nuclear 
magnetic resonance spectroscopy may also indicate the actual 
molecular electronic structure.
2.5 '(C) Nuclear magnetic resonance studies
(i.a) H chemical shift considerations 
1The H NMR spectra of the free Schiff base anils reported 
in Table 2.h have the same chemical shifts for both the 1- and the 
3-protons. That is, these protons are magnetically equivalent, a 
result which gives prima facie support to the non-classical aromatic 
hypothesis.
However, this apparent magnetic equivalence is maintained even 
when the compounds are dissolved in hydrogen bonding solvents, 
where isomerisation to the 'all-trans1 conformation occurs. In 
the absence of suggestions of aromaticity occurring in open chain 
molecules, and if fortuitous magnetic equivalence is not to be 
invoked, then these observations must be explained in terms of 
the tautomeric conjugated double bond model.
Assuming the tautomeric hypothesis to be correct and provided 
that the rate of interconversion between the two structures is 
sufficiently rapid then only the 'averaged1 molecular structure 
is detected and apparent equivalence of the ,two protons will be 
observed. If y^ and y^ are the actual resonance frequencies of 
protons H-1 and H-3 respectively and .T is the lifetime of a
molecule in one tautomeric form, then
'l =J2/TT•( V n- V 3)- '
expresses the condition for the single averaged frequency of 
) / ^ and to be observed^ .
For a chemical shift difference of 1ppm in a 100MHz spectrum
y n- y3 = iooHz.
<\
Calling ( /t ) = P  the interconversion rate, and substituting
—1
j for (■Vi- v -J  gives P  ~ 222sec . Under these circumstances,
i ‘
unless the interconversion is less than 222 times per second,;
1
the H NMR experiment will not reveal the inequivalence of the 
1,3 protons.
1
(i.b) H chemical shifts, room temperature observations
Of the proton spectra reported in Table 2.^ f the resonance 
lines assigned to the 1,3 protons are 'normal* except that in a 
few of the NN'di(aryl)propene-1-amino-2-chloro-3-ifflines it is 
broader than expected. However, whether or not this broadening 
is due to inequivalence of the 1- and 3-P**otons, or to some other 
agency, remains to be established.
1 xThe H NMR spectra of three other NN'di(aryl)propene-1-amino-2- 
chloro-3-ifflin.es, not given in Table 2..k actually have two peaks in 
the region where the 1,3 protons' resonance is expected and are
reported in Table 2.7- There are, however, serious objections
,
against claiming that these spectra show the inequivalence of 
the 1- and 3-protons. Both the if-chloro and ^f-bromo-compounds
-  b9 -
1 .
Table 2.7 100MHz H NMR spectra of some NN'di(aryl)propene-1-amiuo-2-
cbloro-3-imines
Chemical shift (S ppm)
Aryl Solvent
NH ? H-1,3
Phenyl ring 
protons
Alkyl
protons
CDC1
3
? 9.22 7-76,7.63 7. Vk'fi. 93* -
torCgH^ CDC1
3
9 9.22 7.76,7.63 7^2^6.93* -
CDC1V
3
9 7.7^,7.69 7.10*
7.00
6.92
6.83;
’(ab) 2
3.81
* = limits of a complex group of signals
give spectra which have complex patterns instead of the expected 
symmetrical (AB)^ pattern from the phenyl ring protons, and both 
spectra contain a sharp peak at 9-22ppm that cannot be assigned 
to the NH resonance. In addition the pair of candidates for the
1,3-protons1 peaks are of unequal amplitude. For these reasons 
the spectra of these two compounds are excluded from further 
consideration.
. The spectrum of the *t-methoxy compound is, however, much 
more satisfactory. It contains no unexplained peaks, the expected 
(AB)^ quartet is present, and the peaks at 7-7^ and 7«69ppm are of 
equal amplitude .and broadened so that they form a double peak. 
Although the signal from the two methoxy groups' protons is a 
singlet and not a doublet, they are probably so far removed from 
the actual site of inequivalence, that their chemical shift 
difference is vanishingly small.
The spectrum of the A-methoxy compound shows the first direct 
evidence for the inequivalence of the 1-proton and the 3-proton
in these compounds, and hence for the conjugated tautomeric 
double bond structure. Nevertheless, further evidence is 
required before a firm conclusion as to the structure of 
these compounds is reached.
1 ■
To this end the low temperature H NMR spectra of some of
these compounds are discussed in the next section (i.c), and
if
the application of N NMR is considered in 2.5(C)(i). In 
addition to going to lower temperatures in an attempt to 
reduce the interconversion rate between tautomers, isotopic 
substitution of the amine hydrogen by deuterium or tritium 
should help, but this approach has not been tried.
(i.c) H chemical shifts, low temperature observations 
The effects of reducing the temperature upon the
1,3-protons1 resonance line in the spectrum of NN'di (phenyl )propene- 
1-amino-2-chlor0-3-iroine is shown in Fig. 6 , which includes the 
phenyl ring protons’ signals and the deuterochloroform's impurity, 
(CHCl^), resonance. Although the 1,3-protons’ resonance does not 
separate into a doublet within the temperature range examined,
(ca. 298 — > 223K), its collapse to a broad absorption band 
indicates that a temperature dependent rate process is implicated 
in its line shape. Similar behaviour was found for NN'di(3-methyl- 
phenyl)propene-1-amino-2-chloro-3-inline when run under comparable 
conditions, although no meaningful result was obtained from 
NN'di(if-methoxyphenyl)propene-1-amino-2-chloro-3-iniine because on 
lowering the temperature it begins to precipitate out of solution.
To see if similar effects could be obtained from NN'di(aryl)propene- 
1-amino-3-imines their low temperature spectra were recorded in
- 51 -
'I
Fig. 6 100MHz H NMR spectra of NN'di(phenyl)propene-1-araino-2--chloro- 
-3-inline
Se0 1 . 8*0 7-0
800800
$oo
H-1,3
H-1,3
H-1,3
Room
temp
carbon disulphide solution. Those, for NN'di(phenyl)propene-1-
amino-3-imine and NN'di(^methylphenyl)propene-i-aiflino-3-imine,
are reproduced in Figs. 7 & 8. The latter compound's spectrum
shows no sign of 1-,3-proton inequivalence nor any other 'rate
effects', but in the spectrum of the former compound changes
occur which are not confined to the 1,3-protons' signal. This
(25)result was unexpected since Buttkus and Bose reported that
on lowering the temperature of a .CDCl ■solution, of this compound 
the 1,3-protons1 doublet broadened, and finally coalesced at about 
-60°C(213K). No other changes in the spectrum were reported.
However, as Fig. 7 shows, when NN'di(phenyl)propene-1-amino- 
3-imine in CS^ solution is cooled,in addition to the 1,3-protons’ 
signal assuming a 'triplet' structure having a line separation of 
^SHz, another signal appears in the spectrum. This is centred at 
Sv 5»67ppM and also has a triplet structure but with a line 
separation of~11Hz. ‘
To confirm the reality of these observations two samples 
of NN'di(phenyl)propene-1-amino-3-imine were prepared and examined 
separately. In each case the same results were obtained, the 
transition temperature being between 253K and 2^3&. These 
observations are not explicable solely in terms of the slowing 
of the interconversion rate between the two amino-imine structures (IX) 
since the chemical shift of the 2-proton is not affected by this 
exchange process. .
(25)From Buttkus and Bose's report and these observations it 
appears that a solvent dependent equilibrium process is occurring 
and it is possible that B-diimine amino-imine tautomerism is
! ■ - - 5 3 -
'I
Fig. 7 100MHz H NMR spectra of NN'di(phenyl)propene~1~araino-3 -imine.
(cs^/tms)
7-0 6-0 PPM.iOOMHz 5-0
Room
temp
involved. The low temperature exchange reactions of NN'di(aryl)propene- 
1-amino-3-imines were not further investigated however, and the 
subject remains a promising field for further work.
A
Fig. 8 100MHz H NMR spectra of NN' di(if-methylphenyl)propene-1-amino- 
3-imine. (CS^TMS)
800
7 00
Room
temp
'j Lj.
(ii.a) N NMR chemical shifts
The same considerations apply to the nitrogen atoms'
1 k 1chemical shifts in N NMR as to the 1,3-protons in H NMR 
discussed in 2.3(0(i). For a chemical shift difference 
(AS ppm) between the nitrogen magnetic resonances, the 
shift difference expressed in Hz (Av) is given by
A v  = AS.f
when f is the oscillator frequency of the particular nuclear 
magnetic resonance spectrometer, (in MHz).
Since
P = TT. A v  
&
then
P Ti. AS .f 
<fz
A 1^fA plausable value for may be obtained from the N NMR
results of heteroaromatic azoles. In these compounds nitrogen 
atoms kre encountered in the two types of bonding situation that 
would occur in the conjugated double bond tautomers of malon- 
dianils. These are the pyrrole type (XI) and the oxazole type (XII),
14where the observed chemical shift difference between the . N
(XI) (XII)
t  • -n (131,132)resonance lines is ca. 100ppm 7
lj.
Thus for a N probe operating at *f.JJMKz (Varian HA-60)
p  ■ = 920sec~1
or for a Varian HA-100 (f = 7«22MHz),/>sl600sec \  so that
Ahseparate resonance lines should be observed in the N NMR
spectrum from molecules with an interconversion rate which
1results in line coalescence m  their H NMR spectra.
'[b(ii.b) N chemical shift observations 
'I if
The N NMR spectra have not yet been run.
1.6 H NMR data of NN'di(nitrophenyl)propene-1-amino-3-imine
Consideration of the nitrophenyl bases is reserved for a 
separate section because their spectra differ from those of 
all the other derivatives studied. The reason for these 
differences appears to be that in the nitro derivatives 
interchange between the geometrical isomers is slow, so 
that the individual spectrum of each isomer is observed.
A common property of these compounds is their insolubility 
in many solvents, thus unaided continuous wave NMR spectroscopy 
is limited to very few solvent systems.
The spectrum of NN'di(^-nitrophenyl)propene-1-amino-3-imine 
taken in DMSO solution is given in Table 2.8, (Fig. 9). It 
consists of a broadened doublet at 10.57ppm assigned to the 
amine proton which is no longer detectable when sodium 
hydroxide is added to the solution. The sharp doublet at 
9.25ppm is assigned to proton H-1 and the splitting of 8.5Hz
Fi
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is interpreted as due to 'cis' coupling with proton H-2. This 
latter proton appears as a 1:1:1:1 quartet (double-doublet) at 
5.6lppm,- the separations being 8.5Hz and 13-OHz, corresponding
1
Table 2.8 100MHz H NMR spectrum of NN'di(*f-nitrophenyl)propene-1- 
amino-3-imine in dimethylsulphoxide
Chemical shift 8 ppm
NH H-1 H-3 Phenyl ring protons H-2
10.63 d 9-2 9 ld 
10.511 9.2051
8.25 ” ■' 8.175) 7.91 5.715'
8.115
7.985 ?:?K (ab)2 i l l dd<
7-22 J 6.^95, 5.50 J
Inte- 1 1 12
grals '
to 'cis1 coupling to H-1 and 'trans1 coupling to H-3. Although the
signal from proton H-3 occurs within the phenyl ring proton signals,
three resonance lines of a 1:2:1 triplet having splittings of 13Hz
are distinguishable. The couplings are 'trans' to proton H-2 and
to the amine proton. The remaining eight lines in the spectrum are 
*
the (AB)^ quartets from each of the two inequivalent p-disubstituted
/
phenyl rings.
Thus the spectrum is wholly explicable in terms of the 'cis-trans' 
isomer alone, in which the amino hydrogen atom is located on the 
nitrogen atom bonded to carbon-3 only, (Xlla). If it were located 
on the nitrogen next to carbon atom 1, the proton signal from H-1 
would consist of a 1:1:1:1 double-doublet having separations
*
Strictly an AA'BB' type system.
r f  h
(Xllla)
(Xlllb)
equal to both, 'cis' and 'trans' couplings (Xlllb).
Therefore, this compound must have a conjugated double bond 
system, which is unequivocal support for the conventional 
tautomeric electronic structure.
An identical spectrum is observed from a solution of the 
/f-nitrophenyl compound in dg-DMSO, and a very similar one from 
its d^-acetone solution (Table 2.9). It is much less soluble
Table 2.9 100MHz H NMR spectra of NN'di(A-nitrophenyl)propene-1- 
amino-3-imine
Solvent
Chemical shift (8 ppm)
NH H-1 H-3
Phenyl
protons H-2
CD SOCB
3 .3
CD_,C0CD ' 
3 3
11.67 d 9 - H d  ' 8.26 * 7.9951* 5-795]
11.53 9.321 8.235 t 8.17 7.90 7-715
J . 8.103, 7.^1 6.67 5-685
7.32
J
6.58 5-585.
dd
? 9-47 'Id 8*2S I * 8.01' 5.83]
9.385 d 8.14 8.165 7-92 5-754 7-425 6-77 5-70
■ 7-34 6.68 5 .62J
dd
* = (AB)^ quartet
in the latter solvent and the amino proton resonance has not been • 
detected. Also, a small change in the relative chemical shifts 
of the aromatic proton signals with respect to the 3-proton's 
resonance results in the splitting pattern of the latter being 
obscured.
CHAPTER THREE
Some NN'di(aryl)propene-1-amino-3-imine acid salts
- b2 -
3.1 Introduction
A number of these compounds have been studied by Honeybourne 
and W e b b O f  the three possible structures, namely the 
non-conjugated B diimine (I) with protonation site unspecified, 
the conjugated amino imine (II) with the proton located on the 
amino nitrogen, and the conjugated amino imine (ill) having a 
symmetrical hydrogen distribution, only the latter was found.
R-NrCH-CH^ CH:N*R. HC1 (I)
R-N:CH-CH:CH*NH2+-R Cl” (II)
(R*NH:CH*CH:CH*NH*R)+ Cl" (III)
In this chapter a number of new derivatives are reported 
together with an examination of the previously repprted compounds.
3«2 Preparation of N?T di(aryl)propene-1-amino-2X-3-imine acid salts
3.2 (A) X = H
These compounds are prepared by refluxing a decimolar' 
solution of 1,1',3,3' propene tetraalkoxyacetal in ethanol with 
mineral acid (usually hydrochloric, 0.1m) and a solution of the 
appropriately substituted aniline (0.2m). The acid salt•
crystallises from the reaction mixture on cooling, or may be 
induced to precipitate by the addition of a large quantity of 
water. The precipitate was washed with water, diethylether and 
dried in vacuo. •
3.2.(B) X = Cl or Br
The 2-chloro and bromo compounds are prepared by the 
addition of 0.2moles of a substituted aniline in ethanol to a 
solution of either mucochloric or mucobromic acid (0.1m), also
- 63 -
in ethanol. After shaking the reaction mixture and allowing it 
to stand for some hours a yellow crystalline solid of the product 
is found, particularly for m- and p-substituted anilines. The 
derivatives of the.o-substituted anilines are more difficult to 
prepare and, if after shaking and standing, crystallisation could 
not be induced, the solutions were boiled and again allowed to 
stand.
(See Section 3»^ for the nitroaniline compounds).
3.3 The characterisation of some NN'di(aryl)propene-1-amino-2X-3-imine 
acid salts
3-3 (A) Elemental analyses
The G, H and N analyses of the previously unreported 
NN'di(aryl)propene-1-amino-2X-3“imine salts are given in 
Table 3-1- These results are consistent with the formulation 
of the compounds as the 2:1 molar ratio condensation products of 
arylamines with malonaldehyde; including those such as 2-aminobenzoic 
acid, N-phenyl-2-phenylenediamine and 2-aminophenol where 1:1 and 
other molar ratio condensation products are possible.
Table 3-1
Substituent M.Pt. Found Calculated Water of
. 0^ crystal-
C% B.% N$ 0% N# lisation
(a) NN'di(R.phenyl)propene-1-amino-3-imine hydrochloride
2C2H5 105 68.7 7.30 8.91 68.6 7.60 8.A2 1
3CH_0
3
136 62.3 6.03 8. A3 62.3 6.11 8.33 0.3
Ac h..o
3
236 38.A 6.96 8.10 37.6 6.33 7.90 2
2CoH_0 2 5 109 61. A 7.01 7.A8 61.0 7.01 7.31 ■1-5
AC?H_0. 2A9 62.3 6.98 7.36 62.3 6.91 7.68 1
Substituent
R
, M.Pt. 
°C G%
Found
B#' N#
Calculated 
C% Wo
Water 0 
crystal 
lisatio
2F ‘203 61.1 4.47 9.39 "
3F 256 60.9 4.63 9.48 ► . 61.1 4.43 9.30 -
4f 246 59-9 4.43 9.43 , ~
2C1 203 55.1 4.46 8.72 53.0 4.00 8.53
3C1 213 50.3 4. 83 7.81 50.6 3.1 8.0 1.3
3Br 263 41.4 3.47 6.25 41.3 3-48 6.43
2CF
3
118 47.-9 4.11 6.61 j 2
3CF3 234 47-3 3.44 6.50 47.4 3.98 6.30 2
hOi'
3
' 239d. b8.o 4.19 6.34 2
2N°2 190 49-3 3.76 13.4 49.1 4.12 13.4 1
oj
OR 280 50.9 3.86 16.3 j -
^N02 278 31.2 3.82 16.1 j 31.7 3.76 16.1
2C00H 238 58.8 4.33 8.03 38.9 4.36 8.08 -
3C00H > 293 57.2 4.96 7.61 37.4 4.33 7.87 0.3
Acooh 291 38.8 4.77 8.20 58.9 4.36 8.08 ~
2S0^H 233 42.6 4.13 6.39 1
I
-
3S0^H 297 42.0 4.00 6.32 f 43.0 3.61 6.6 9 -
teo^H 308 43.2 4.30 7.41
2CH CO 
3
M b 63.1 3.88 7.82 63.2 3.87 7.76 1
SCgHjNH 137 72.8 3-99 12.2 72.1 3.82 12.4 0.5
nh2so2 -224 41.2 4.09 12.7 41.4 3.94 12.9 1
(sulphonamide) v
(ClfH3N2)NHS02 
(sulphadiazine)
230d. 39.8 3.28 13.2 38.5 3.25 12.8 2HC1
- b3 -
Substituent 'M.Pt. Found Calculated Water of
or crystal­
ed E% E% G% E% lisation
(C5H2NS)NHS02 
(sulphathiazole)
>300 if7.6 3.76 19.3 if6.0 3.86 20.if
(nh2)2cnso2
(sulphaguanidine )
210 38.3 if.if6 21.2 38.7 38 21.2 1
(b) NN'diCR.phenyl)propene-1-amino--2-chloro-3“inline hydrochloride
H 231 61.2 '4.85 9-k2 61.5 if. 81 9.53
2CH
3
211 60.2 3.83 8.12 •60.2 3.9^ 8.26 1
3CH3 228 39.1 3.^7 7.83 38.6 6.08 8.03 1
itCH, . 2 08 6if.if 3.37 8.27 63*6 3.65 8.72
189 6A-.9 6.if1 8.03 "\ 63.3 6.33 8 .0 . -
235 65.1 6.31 7.78 , -
if-nC^ 227 60.8 6.71 5.91 68.1 7. if6 6.91
20H 230 3 M if.18 8.36 ' 55.^ if. 3^ 8.61
30H 216 33-0 if. 51 8.37 >
ifOH 2ho 33.0 if. 68 7.97 52-5 if. 70 8.16 ‘ 1
( c ) NN' di (R. phenyl )propene- 1 -amino-•2-brorao-3“imine hydrochloride
H 197 kk. 9 3.91 6.91 ^5-0 if. 03 7.00 1
2CH
3
216 if9.6 if.if6 6.37 ^9-8 if. if2 6.83
3CH3 21 if if7.if if.77 6.23 W? .7 if.71 6.3if 1
ifCH,
3 233
if9.6 if.ifO 6.78 ^9.8 if. if2 6.83
15^ 32.3 if.9if 6.21 . 32.1 5.06 6.39 -
V 3 229
32.0 3.09 6.37 j . -
Substituent
R
M.Pt. 
°C G%
Found Calculated 
G% H% N%
Water of 
crystal­
lisation
K H9 220 31.2 6.06 3-01 31.2 6.3 -^ 3.19 2.3
20H 2^3 ^3-8 3.32 6.69 '
. -
30H 226 ^3-3 3.51 6.51 -* >3-5 3.^1
6.76 —
3-3 (B) Vibrational spectra
The general form of the infra-red spectra of these salts is 
shown in Figs.10-13- From the reported structures of compounds of 
this type, bands due to both aromatic and alkene C-H vibrations and 
to N-H vibrations are expected in the hydrogen stretching region of 
the spectrum. The frequency of the latter is somewhat uncertain 
since condensed phase imines (C=N-H) absorb near 3200cm However, 
the N -H bond in pyridinium salts is reported to occur in the 
2300^2323cm*"^  range^^\ whereas these molecules actually contain
4/l _
a (N— H) group. In the 'double bond' region (2000300cm ) in 
addition to the C = N, aromatic and alkene C = C absorptions, bands 
due to N-H bending vibrations may occur. Assignments of these bands 
have appeared in the literature , but in the absence of a normal 
co-ordinate analysis of any of these molecules, or of isotopic 
substitution studies, these must be regarded as tentative.
However, Bradley and co-workers have examined the vibrational
spectra of both hydrochloride salt and the deuterated 'hydrochloride'
salt of NN'di(ethyl)butane-1-amino-3-imine, where the additional
( I f . 2)
complications of aromatic vibrations are not present . Strong
<H -H
-P O
ro "H
o
£ H
40 O
CD *H
to *H
rH
-P
«H -H
-P O
H
•P
-P O
CD -H
«H O 
3 U H  ft
-p
H pH
I—I
-p
—1 -1bands at 3250cm and JOkOcm were reported due to N-H vibrations,
-1 -1while the strong l6*f0cm and 1590cm bands were assigned to 
vibrations of the -C=C-C=N- skeleton.
The spectra of all of the acid salts examined have in common
_1
bands of medium to weak intensity in the 3200-2900cm range,
-1together with a pair of very strong bands between 1700 and 1500cm
-1as well as aromatic ring bands in the 800-600cm range. The pair
-1of very strong bands are found, one on either side of 1600cm ,
with a sharp medium intensity absorption between them. However,
this is sometimes obscured, depending upon the exact positions
— 1and band widths (usually 20-50cm at half height) of the intense 
pair. The vibrational spectra of the condensation products from 
the reaction between 2-aminophenol: and mucohalogen acids indicate 
that an amino-imine salt is formed, (V), rather than the 
heterocyclic compound, (IV), that would be obtained if the 
reaction behaved in the same way as the condensation between 
glyoxal and aniline .
OH
N
.HX
CH CHXCH
(IV) (V)
The spectra (Table 3»2) have the pair of very strong bands
-1due to the C=C~C=N system in the 1600cm region. They also have
—1a very sharp absorption in the 33^ - 3320cm range, probably due
to the 0-H stretching vibration, together with a strong broad
band that obscures much of the aromatic C-H stretching band
region. Neither the 3-hydroxyphenyl nor the ^-hydroxyphenyl
— 1compound has the very sharp band at ca. 3330cm , but have
instead a broad complex absorption over the whole 3**00-3000cm 
range, due, no doubt, to hydrogen bonding involving both -NH 
and -OH groups.
Table 3»2 I.E. spectra of NN'di(hydroxyphenyl)propene-1-amino-2X- 
3-imine HX salts
-1
20H
X = Cl 
30H bOR
X = Br 
20H 30H
3338shps 3260mb 3370b 3322shps
3105m 3225mb 3110sb 3l80mb
3033 s 30*t2w
3013, 3020w
2980m 2970mw 2915m 2 9 7 0m 29^5w
1619vs 1625s I6l5vsb l6l6vs 162A-S
1605s 1599vsb 1607w 1601s
13B0vs 1582vsb 1579vs 1.579vs
1^71m 1^90vsb 1508s 1501w 1^88s
1 3^1w 1^9w 1*f6*fs 1^69m
13^2s
1303s
1273
1264-
1256J
1329s 1329s
1300m
1268ms 1253vs
lMf8w
13^ \s
133 y
1302s
12631
1233J
13 0^m
1319v
1312^
1270|
1260/
ms
ms
1235mw 1232w
1137m 1173w 119^s
H6%iw 1168s
1228w 
1171w 
1168m 1l62mw
- '(d -
X = Cl X = Br
20H 30H 40H 20H 30H
1133mw 1132m ,1132w 1132m
1Q93w 1093w
1033w 1032w
980w 990mw
969m 970m '
977w
983w
968m
920w 921 w
878w 874vw 880mw
842mw 848mw 838s 840w 849mw
8o8w 8l2mw 803w
733mw 769mw 792w 733m 766m
746 s ------------  .. 746s
719w 720w • ' 713mw 724wb
68% 676m
673m 669w 673mw
601 w 620wb 629mw
34lmw 3^2w 333s
483w
538w 599w
333w
, 473m 469w 468m k6 9w
% 2w 429 w 44 2w 463 457w
shp - sharp 
b - broad
w - weak
m - medium
s - strong
v - very
V - overlapping bands
.k Condensation products from mucochloric/mucobromic acid reactions
with 2-,3-amd k-nitroanilines .
3. A- (A) Preparation
The condensation reactions between nitroaniline and the 
mucohalogen acids were performed in a manner similar to that 
described in 3*2 (B). That is, a two-molar ethanolic solution 
of the nitroaniline was added to a one-molar solution of the 
acid, also in ethanol. After being brought to the boil each 
solution was allowed to stand, with occasional shaking, until 
a crystalline precipitate was obtained.
Their elemental analyses (Table 3»3) and infra-red spectra 
show that only the monocondensation products are obtained from 
both 2- and ^f-nitroanilines, (VI), whereas the dicondensed 
Schiff base is obtained with 3-nitroaniline, (VII). However,
n h c 6h4n o .COOH
n c 6h4n o
(VI) (VII)
when a 1:1 molar ratio of 3-nitroaniline and the mucohalogen 
acids is mixed, shaken in the cold and allowed to stand until 
precipitation occurs, the precipitate is found to be the 
monocondensate in each case.
Table 3-3
Compound M.Pt. °C Colour
Pound 
G% H# N %
Calculated
C%
(Monocondensates)
2N02* CgH^N:CH*CC1:CC1* COOH 166 Yellow
needles
4i.8 2.12 9.82
3N02-CgH^N: CH-CC1 :CC1•COOH 139d Yellow 42.1 2.11 10.1 -41.6 2.09 9.69
JfNO^CgHjN:CH- CC1:CC1-C00H 179 Lustrous
yellow
plates
41.6 2.23 9.91
2N02- C ^ N : CH • CBr: CBr • COOH 133d Dull
yellow
31.8 1.38 7.42
3N02- C ^  • N : CH - CBr: CBr • COOH ~l40d Yellow 31.8 1.68 7.33 •31.8 1.60 7.41
JtN02- CgH^ • N : CH- CBr: CBr • COOH 186 Lustrous
brown
plates
32.2 1.63 7.60
(Dicondensates)
■ •
•
NN'di(3-nitrophenyl)propene- 
1-amino-2-chloro-3-imine.HC1
230°C Yellow 47.2 3.13 14.3 47.0 3.16 14.6
NN'di(3-nitrophenyl)propene- 
1-amino-2-bromo-3-imine.HBr
288°C Black 38.8 2.61 12.4 38.4 2.33 11.9
It is interesting to note that both of the 4-nitrophenyl monocondensates 
crystallise as lustrous plates. These are the only compounds prepared 
during this work to possess the property of lustre.
3.^ (B) Vibrational spectra of the nitroaniline-mucohalogen 
acid condensation compounds
The infra-red spectra of these compounds are reported in 
Table 3-^ together with those of both mucochloric and mucobromic 
acid.
All the 2,3-dihalogeno-4-( nitrophenylimino).but-2-enoic
hcids (monocondensates) have a strong sharp band in the 3380-3330cm
range which is assigned to the OH stretching vibration of the
carboxylic acid group. Its frequency is dependent upon the
position of the nitro group within the molecule. When the nitro
group is in the ortho and para positions this band lies within
-1
the limits 33^0-3330cm , but when the nitro group' is in the
. -1
meta position it is at 3379cm m  the chloro compound and
-'I
3360cm in the bromo compound. From these observations it 
appears that electronic effects play a greater part in 
determining the frequency of this band than do steric effects 
since the factor common to both ortho and para compounds, but 
not to the meta, is the possibility of quinoid type resonance 
in. the benzene ring.
—1The bands at circa 1760cm present in the mucohalogen 
acids and in the monocondensation products, but not in the 
dicondensate acid salts, are assigned to the carboxylic acid 
C=0 stretching vibration.
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Table J>.b (a) Infra-red spectral data of 2,3 Di halogeno %  
(nitrophenyl-imino) but-2-enoic acids (Nujol and 
• IICB mulls, %00-*f00cnT1)
Chloro compounds Bromo compounds
2N02 3N02 % o 2 2N°2 OJ
0Ss
3337s 3379s 3330s . 333% 3368s 3332s
3030w 3093w 3063W 3080w 3080W 3073w
2930w 2929v/ 2910w 29% w 2915W 2910w
1768 vs) 1787vs 178^ 1778vs 17%  vs 1772vs
175^ VSJ 176%-f 1760 ,
1633m 1626s 1632m 1608s 1605s 1605m
1608s 1391m 1392s 1580m 1588m 1592s
15% m 1332vs 15%m 1533w 1533sI 15%s]
1520 J 1526 J
1^9% s 1%9s 1%7s 1% 8s
1%5m
T33% : 1% 9m 1% 1m 1% 1w
1% 6s
13% s 1339vs 1318vs 1330m : 1352s 1332m
1312m 1329s 1308 1339s 1321m 1325s]
1316m 1300W 1308 J
1287m 1262m 1268m 1279m 1259m 1265m
12% m 12% s 1228 1232m 1223s
< 1211w 1207w
1182s 1191m' 11'66m 1163s 1176m 1161m
1182 1 1109s 1099w 1099w 1110s
102% 1029vs 1018s 1.076w
997m 999m 991s 1010s 99%
889s , 878s 888s 936m 930w 928m
870m 868s 911w
828vs 8% s 878w 88lw 877w
77% 792m 86% 853m
760w 760w 739m 831m 819s 8% s
779m 79%
7%s] 7hbs 7%s 7%-s] 735s] 750 '
739s J 738s^ 733 J 726 J 7 % SJ
690w) 695w 690w 692m 669m 691m
678wJ 601m 600m 63%
539s 569w 568s
655m 668w 639w %7m % 8w 501m
660wy 629w( % 1w % 8m
601m 603s
370w 383w 372w
337m 330w 33%
% 0m . % 1m %9m
% 6w if23w %Ow
Table J.b (b) Infra-red spectral data of M'di(3-nitrophenyl)propene-
1-amino-2X-3-imine HX salts and mucochloric (A) and . 
mucobromic (B) acids. (Nujol and HCB mulls, ItOOO-^ -OOcm )
X = Cl 
-1cm
X = Br 
-1cm
A
-1cm
B
-1cm
3110w
3070w
3100w
3030W
3360vsb 3320vsb
2 9 ^
28 +^3vw
2930 293.8w
2878w
29 3iw 
2873w
1626vs| 1621s 1760vsb 1730vsb
1609s ,I 1398s 1728w 1709v/
1382s
1328s
1^79w
1^ f69m
I^ HDOw
1367vs 
' 1328vs 
1^82w]
1^69mJ
Itow
1639m 1620m
133Ws 1330m'I 1327m 1326m •
1329s ... . 13^2s.
1308m^ 127% 1271m
1263m
1221w
1280s
1263w
1219w
1236s 1218s
1199m- 1179m 1131vs 11 ^3 vs
1103w) 1101w 1113m 1087s
1097wJ
981m 9 84w
1023s 1001s
1
9^6w 975w 9^75 930s
889m 83^m 893s] 832s]
827s 823w
810w
887sJ 8^ f9sJ
73^vs 733s 776s
7^3s
761s
738s
681m
- 663s 660m 631w 63*fw
600w
3Viw 333w 360vb 383vs
^78w *f8*fw 316w *t09w
Vl6w
w - weak m - medium s - strong
b - broad v - very HCB - hexachlorobutadiene
V - overlapping bands
■'J
H NMR studies of some NPT di(aryl)propene-1-amino-2X-3-imine 
acid salts
3-5 (A) Chemical shifts and gross features
(i) Introduction 
1The H NMR spectra.of all the compounds studied are 
consistent with the conjugated amino-imine acid salt structure 
(III), having a symmetrical distribution of the hydrogen atoms.
No evidence for the B diimine tautomer, molecular structure (II), 
is observed in these salts.
The spectra, however, show two types of behaviour. In most 
of the compounds the malon-bridge protons display simple AX^ or 
A'2 type spectra of a single molecular species, or if more than 
one molecular conformation is present, the 'averaged* spectrum 
of the conformers (Section (ii) and (iii)). Certain other 
compounds have complex spectra, and these are considered in Section (iv).
1(ii) H NMR of some NN'di(aryl)propene-1-amino-3-imine hydrochlorides,
(AIL, spectra)
, The spectra of these compounds are given in Table 3-5* All 
have a broad signal occurring at low field with a large chemical 
shift which is typical of acid protons. This signal is due to the 
protons attached to the nitrogen atoms and is usually a singlet. 
Nevertheless, in the three sulphonic acid compounds, the 
sulphaguanidine and A-ethoxyphenyl derivatives, it is split into 
a doublet by coupling to the 1,3-protons. The factors governing 
the observation of this coupling are discussed in Section 3-5 .(B)(i).
In most of the spectra the signal of the 1,3-protons is a doublet 
except for those cases mentioned above, where coupling to the N-H 
protons is observed. The resonance then appears as a broadened 
triplet in the sulphaguanidine and A-ethoxyphenyl compounds1
spectra, (VIII), and as a double-doublet in the spectra of the
(VIII) (IX) .
three sulphonic acid phenyl compounds, (IX). The resonances 
in the latter are sufficiently sharp for the difference in the 
magnitude of the couplings trans-J^^  ^^  and trans-J^  ^
of about 2Hz to be measured. Scale expanded spectra of these 
compounds were not recorded but the observed coupling constants 
are trans-J^^^ ^  and trans-J^  ^ — 10~12Hz.
The signal of the 2-proton is a triplet although in some 
case its signal is irregular and ill-defined as in the o-fluoro- 
phenyl, o-chlorophenyl compounds.
Most of the p-substituted phenyl compounds have (AB)^ ‘
quartet patterns from the phenyl ring hydrogens, while the 
o- and m-substituted phenyl derivatives have complex spectra 
from these protons.
A complete assignment of the spectra of the sulphonamide and 
sulphaguanidine compounds was made from the observed signal 
splittings and integrated intensities, but the sulphonic amide's 
proton resonance was not found in the spectra of the sulphadiazine 
and sulphathiazole derivatives. Their spectra are given in Table 
It Is probable that the signal is 'lost' by broadening, since in 
the spectrum of sulphadiazine itself this sulphonamide proton 
only appears as a weak broad peak at 11.20ppm. ,
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Table 3*3 100 MHz NMR spectra of some NN'di(R.phenyl)propene-1-
amino-3-iinine HC1 salts in DMSO solution
Compound
R.
Chemical shift (Sppm)^
NH H-1,3 Aromatic ring 
protons
H-2
2C2H5
^ 2h5.
2CH_0
5
3CH_0
5
4CH^0
5
2CJL0 2 5
4C-H.0 
2 3
2F
3F
4F
11.97vb 8.43vb
■12.27
■11.70
12.39
12.40
11.62
12
12
12.4-3
12.86
12.37
8.73
8.62
8.861
8.74
8 
8
8•73]
.64/
•7°]
.60J
8.73]
8.62>t
8.31,
.93]
. 81J'
•831 
• 71J
7.28s
7.26s
7.13
7.02
7.38 
7.30 
7 
6
VA
.03/
.94-)
7.14-
6.93]
6.82
6.71
6.43]
6.31/t
6.20J
6.76]
6.63
6.34
6.371
6.46
6.34
6.47]
6.36
6.25,
6.74
6.63
»t
6.52
7-351 6.43
7.26 t
7.01 A 6.22
6.92
*
7.24 6.74vbt
7.26* 6.39^
6.45 t
.6.37,
7.40s 6.32
6.41
6.31
t
Compound
R.
Chemical shift (S ppm)^
NH H-1,3 Aromatic ring
protons
H-2
2C1
3C1
4C1
2Br
3Br
4-Br
2CF.
3CF.
4CF.
2S0_H
5
3S0_H
5
4S0VH
5
12.19
12.72
12.78
12.00
12.77
12.77
11.7
13.05
13.1
11
11
.76],
.61J1
12.03
11.88
.75]
.64J
.92V
.81]
.821
.7 1 ]
.89 ]
-77J
•59l
.4-7]
d
d
•°9\(
• 97)
12
11
.06l
.92J
d
8.85]
8.73 
8.71 
8.59
8.96]
8.84
8.83
8.70
8.881
8.76
8.74 
8.63J
dd
dd
dd
7.55
7.36
7.55
7.45
7-bb
7.3b)
7.5b
7-39
7.65  
7.57 
7.38 
7-30 J 
*
-7.6
6.66
7.901
7.81
7.68
7.59
*
~7-4
7.42
>A
7.72
7.64
7-33'
7-24,
6.61 Vbs
6.59
6.49
6.37
6.56'
6.48
6.33
-t
6.90] 
6.79 t  
6 .67
6.561 
6.45
6.34 /
6 .5 8 ] 
6.47 ■
6.35
~ 6.2
-t
6.66
6.55
6.44
6 .76 ]
6 .65
6.54
.t
6 .63
6.54
6.42
6 .2 9 ]
6.1.8
6 .07
t
6.30) 
6 .1 9 vt 
6.08J
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Compound
R. NH
§Chemical shift (o ppm)
H-1,3 Aromatic ring H-2 
protons
3C00H1
4C00H1
12.89
12.93
9.04]
8.93!
8.89I
8.87/
7.54
8.08
7.99
7.56
7.47J
>A
6.75]
6.62
6.51
6.72
6.60
6.48
it
Sulphonamide
[■
HJt’SO 'C^ H. •NH.:CH*CH:CH*NH*C.H,2 2 6 4 m n q 6 4
(m)
13.00
(n)
8
(o)
7.92 )
7.835 (, 
7.585 
7 .50  jf(AB)2
• s c y m J
P J
(p)
7.37b
+ Cl'
(q)
'6.70 
6.595}t 
6.48
Sulphaguanidine 
H i
(m)
12.83
(n)
8.975] 7.85"
8.87 it 7.76
8.765J 7.51
7.42,
(o)
(AB),
(p)
6.77
/’NH,2*'\= N-SO -C.H.-NHrCH-CH-.CH-NH-C.H,-SO *N
H2N d o m n q NNH2
- . P -J
Cl
Cq)
6.625
6.51
6.395,
Sulphadiazine
NH-SO -C,H, •NH:CH-CH:CH-NH-C^HI -SO-NH
2 6 p^  m n r 6“4
Cl
Cm)
12.92
(n)
8.86vb
(o)
.4-9]
.44/d
(p)
8.075
8.00
7.56
7.47
,(AB)
(q)
7.01 Vt
Cr)
6.63'
6.52
6.40
Sulphathiazole
N . .N.
\  NH* SO • C • NH: CH* CH: CH* NH* C^H. • SO • NH
/ o m n q \
S s~
ci
(m)
12.86
(n) (o)
7.89] 
7.80  
7-55 
7.46
(AB).
(p) 
7.23'
6.77
(q)
6.65]
6.54
6.43
§ - chemical shifts referred to DMSO and calculated + 2
§§ - chemical shifts of these compounds referred to TMS, internal
standard
s - singlet
d - doublet
t - triplet
b - broad
vb - very broad
dd - double doublet
* - most prominent peak of a complex group
A - (AB)^ pattern from p-disubstituted benzene ring protons
DMSO
(iii) H NMR of some NN'di(aryl)propene-1-amino-2X-3-imine HX 
acid salts, (A^ type spectra)
The spectra of these compounds consist of a broad low 
field absorption (not always detected) due to the N-H protons, 
a single resonance peak from the 1,3-protons and the signals 
from phenyl ring protons (Table 3-6).
No sign of the splitting pattern expected from the diimine
tautomer, (X), that is, a doublet from the 1,3-protons and a
triplet from the 2-proton is observed, even in the case of
2-hydroxyphenyl derivatives which is contrary to what might
(3lf)
be expected from Bayer's report . I n  the spectra of the
H o r n s '
(x)
hydroxy compounds, the hydroxyl proton signal, when distinct, 
appears as a moderately broad peak situated between the sharp 
1,3-protons1 singlet and the broader NH signal. However, in 
the 2-hydroxyphenyl derivatives only a single broad peak 
having an integral intensity equivalent to the four protons 
of the N-H and 0-H groups is observed, (Table 3»7)«
-  KJJ -
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Table 3*6 60 MHz H NMR of some MN'di(aryl)propene-1-arnino-2X-3-
imine HX salts in DMSO
Chemical shift ( 6 ppm)
Aryl x NH H-1,3 Phenyl ring 
protons
C6H3 C1
11.82 9.69 7.8-7-2
■2®3-c6 \
Cl 11.2vb 9-01 7.30s
3CH3 C6Hif Cl 11.66b 9.36 7.6-7..0
;toZfC6Rk Cl 11.6b 9.^3 7.62'
7.^8
7-39
7.1\
•
•(AB) 2
Cl 11.^ K)b 8.82 7.33
Cl 11.70b 9.39 7.60'
7.^6
7.31
7-16.
.(AB) 2
Cl 11.70b 9.^8 7.63'
7.30
7.30 
7.16,
(ab) 2
C6H3 .
Br 3-12? 9.63 7.8-7.2
s a y c ^ ' Br ? 8.92* 7.32s
3CH3.G6Hit Br 11.2b 9-39 7.6-7-0
t o 3'C6H^ Br 11.36b 9-^3 7.6^7.30
7.31 
7.17,
Kab) 2
Br 0 8.83 7.36s
Br 11. t o 9-30 7.62]
7.^7!
7.^7
7.21)
■(AB) 2
t o - c ^ i y c ^ Br 11. t o 9.29 7..60" 
7.^7 
7.3^ 
7.18
(AB) 2
1Table 3*7 H NMR of some NN'di(hydroxyphenyl)propene-1-amino-2X- 
3-imine HX acid salts in DMSO (30oC;303*O
Chemical shift ( 8  ppm, TMS)
R X NH OH' H-1,3 Phenyl ring 
protons
60 MHz spectra
20H Cl -10.79- 9.10 -7.10*
30H Cl 11.72 ? . 9.3 4 . 7.12 *
40Hf Cl 11.47 ? 9.17 7.50
7.36
6.92
6.77,
.(AB) 2
20H Br -10.4- . 9.30 7.1*
30H Br 11.34 9.8 9.21 7.0*
100 MHz spectra
4oh Cl 11.42 9.92 9.13 7.49'
7.40
6.92
6.84
■(ab) 2
40H Br 11.15 9.71 9.20 7-50'
7.41
6.90
6.79
.(AB) 2
* Highest peak of complex set 
f Run at 40°C (3I3K)
-i(iv) H NMR of some NN' di(aryl)propene-1-amino-3-imine acid 
salts; the complex spectra
1The H NMR spectra of the 2-nitroaniline-, *f-nitroaniline-,
2-aminobenzoic acid- and 2-aminoacetophenone malonaldehyde Schiff
base acid salts contain many more lines than the spectra of those 
salts considered in Sections (ii) and (iii). Moreover, the 
spectra are dependent upon the nature of both solvent and salt-anion.
Each compound is considered individually.
NN'di(A—nitrophenyl)propene-1-amino-3-imine acid salts ~
The spectra of the hydrochloride, nitrate and perchlorate acid
salts are given in Table 3*8 and an example is illustrated in Fig. 16.
These spectra are interpreted in terms of the presence of both
'all-trans1 (XI) and 'cis-trans* (XII) geometrical isomers. Each
isomer is sufficiently long-lived for its own individual spectrum
\
to be detected. Thus the observed spectrum of the compound is the 
superimposed spectra due to each isomer.
(XI)
+
(XII)
n o 2
1
Table 3*8 100 MHz H NMR spectra of NN'di(A-nitrophenyl)propene-1-amino
3-:imine acid salts in DMSO solution
Salt
anion NH
Chemical shift ( S ppm)
H-1, 3 Phenyl ring 
protons
H-2
Geometrical
isomer
CIO, 11.96sb
10.5^ 1 
10.A3
8.963]
8.833
9.3^
9.233
8.13
8.02 d
8.A0 6.A3 ’ all-trans
8.31
7.38
7.A9j
6.315
6.20 >
>t
8.195]
8.10
’A
7.93'
7.8A
5 .705"
.A 5 ’ 62 
5.575
cis-trans
dd
7.3A 6.59
7.2A5J 6.50j 5.^9
NO. -12.3
10
10
8.991
8.88
9-3^ I 
9.255
8.17
8.0A
8.39]
8.30
7-39
7.30J
A
8.193] 
8.10 
7.3^ 
7.23 )
A
6.A7 ' 
6.333 
6.2A
all-trans
cis-trans
Cl 12.3
10.7
10.6 d
9.00
8.89
9.30
9.213
d
8.3^3
8.23
7.633
7.3A3,
8.175' 7.92' 5.725^
8.09 A 7 ‘ 83 A 3'Gk
7.335 A 6.60 5.595
7.2A5J 6.5lJ 3.31 ,
>dd
all-trans
cis-trans
s = singlet 
d = doublet 
dd = double-doublet 
t = triplet 
A =.(AB)_
b = broad
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Considering the perchlorate's spectrum, the strong broad signal 
at 5 = 11.96ppm is assigned to the N-H protons of the 'all-trans' 
isomer. Likewise the broadish doublet centred at 8 = 8.90ppm 
is due to the 1,3-protons of this isomer and the triplet at
$ - 6.32ppm to the 2-proton. The equivalence of the two 
phenyl rings in this isomer is shown by the single (A®)2 Pattern.
All the remaining lines in the spectrum are accounted for by 
the 'cis-trans' isomer. The high field 1:1:1:1 quartet (double-doublet) 
is due to the 2-proton being split by both a trans-coupling to the
3-proton ( ^ rans = 13Hz), and a cis-coupling to proton 1 
(J . = 8.3Hz). In this isomer the phenyl rings are no longer
C IS
equivalent so that each gives rise to its own (AB)^ quartet of 
lines. Similarly the 1- and 3-protons give rise to separate 
resonances. A doublet separated by 8.3Hz centred at S = 9-30PPB1 
is assigned to the 1-proton. Another doublet with a splitting 
of 13Hz, equal to ^ ransJ fcmrkl within the resonances of the 
phenyl ring protons and is taken to be the signal of the 3-proton.
The broad low field doublet at 8 = 10.49ppm is assigned to 
the N-H protons of the 'cis-trans' isomer. Although the separation 
of these two resonances, 11/-*11.3Hz, is of the same order as the 
trans spin-spin coupling constant, since NH-CH coupling is not 
observed in the 'all-trans' isomer, the separation between these 
two lines is thought to be due to the chemical shift difference 
between the two inequivalent N-H protons, rather than to spin-spin 
coupling. Furthermore, if coupling were the reason, the protons 
responsible (that is the 1- and/or the 3-proton) should show the 
additional splitting in their own resonance signals, whereas the
signal from the 1-proton is clearly a doublet. It is not possible, 
however, to be so categorical about the signal from the 3-proton 
because of its position within the multiplets of the aromatic 
protons. To be absolutely certain of these assignments spin-spin 
decoupling experiments are required.
The spectra of all the ^f-nitrophenyl acid salts examined in 
DMSO are similar. Those differences in the spectra that are 
observed are due to differing relative proportions of the 
■*cis-trans' and 'all-trans1 isomers, and by comparison of the 
resonance integrals the approximate molar ratio of each-isomer 
may be calculated, (Table 3«9)»
Table 3*9
Acid salt
Geometrical isomer ratio 
DMSO solution (302K)
anion 'all-trans' 'cis-trans'
CIO],. 7.5 1.0
NO,
5
3-5 1.0
Cl 0.22 1.0
The proton spectrum of *f-nitrophenyl perchlorate salt in 
acetone solution is given overleaf (Fig.17). In this absolutely 
dry solvent coupling between the N-H protons and the 1,3-protons 
is demonstrated by the triplet structure of the 1,3-proton signal. 
The spectrum also contains only the peaks of the ’all-trans1 
isomer; no trace of the 'cis-trans' isomer is detected.
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Fig. 17 
1
60MHz H NMR of NN'di(^-nitrophenyl)propene-1-amino-3-iniine perchlorate 
in acetone solution at (318K) (JEOL C60HL, internal reference HMDS)
Chemical shift ( 8 ppm)
NH | H-1,3 | Phenyl H-2
11.5V
Broad irregular
‘
■■
9.22, 9-02, 8.92
■'
Broad 1:2:1 triplet
8.36, 8.21, 7.72, 7.57
(AB) quartet
6.75, 6.56, 6.-37
1:2:1 triplet
N-H
H-1,3
NN'di(3--iiitrophenyl)propene-1-aminc-3-imine acid salts
The solubility of the three nitrophenyl compounds in all 
solvents is not good, and the 3-^itrophenyl compounds are the 
most insoluble of them. No proton spectra were obtained. Even 
a CAT attempt on the hydrochloride salt in DMSO only resulted 
in a single peak being detected in the region where phenyl ring 
proton signals are found.
NN" di(2-nitrophenyl.)propene-1-,amino-3-imine acid salts
A complete analysis of the spectra of these salts, in common 
with those complex spectra from the other 2-substituted phenyl 
compounds, was not accomplished. The reason for this is due to 
the three overlapping sets of proton resonances of the ortho­
disubstituted phenyl rings from the 'cis-trans' and 'all-trans' 
geometrical isomers. These resonances occur in the same region 
of the spectrum as the 'cis-trans' 3-pro’con signal, preventing 
its identification in all instances. The phenyl ring proton 
signal of the 'cis-trans' isomer also overlaps the 'all-trans' 
isomer's 2-proton signal. However, the triplet from the latter 
is clearly distinguishable when the isomer ratio is favourable.
The 60MHz spectrum of the perchlorate acid salt dissolved in 
dgDMSO is shown in Fig. 18 a. A small quantity of water was 
added to the sample and its spectrum re-run (Fig. 18 b). The 
water signal occurs at 5 = 3»'lppm but its resonance is much 
broader (width at half height 0.8ppm) than would be expected 
if no interaction were taking place. In addition, a large 
increase in the concentration of the ' cis-trans,' isomer occurs
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so that the relative proportions of the two isomers are reversed 
(Tables 3«10a & b). Similar effects are noted in the spectra of 
the hydrochloride salts when DMS.O from a freshly opened bottle 
and from an 'old1 bench bottle are used.
DMSO is well-known for its hygroscopic propensities and unless 
stringent precautions are taken, it is not possible to be certain 
of its water content. Such precautions were not taken in this work, 
and attempts to circumvent this problem by using a non-hygroscopic 
solvent such as acetone or alcohol were frustrated by the insuffic­
ient solubility of these salts. -
'ITable 3»10a 60MHz H NMR spectra of NN'di(2-nitrophenyl)propene-1- 
amino-3-imine.HCIO^
Solvent ■
Chemical shift ( 5 ppm) Geometrical
isomer
(ratio)NH H-1, 3 -C6V H-2
d^-DMSO
(dry)
10.8vbs
S.h-7.0
6.73
6.36
6.36
all-trans 
t (^.3)
'
•
*>
?:«)* ’}j
cis-trans
. (1.0)
D6-DMSO+
water
o 8.8k\A 
8.63Jd
8.3-6.5
♦
4
all-trans
(0.1)
0 9*^61 ^  J 
9.32J J
6.22
6.0?
6.00
3 .86,
cis-trans
'dd
* obscured by aromatic signals
trans-J/^ = 12Hz (all-trans isomer) cis-J/. = 8.23Hz (cis-trans
isomer)
trans-J^ ^  = 13Hz (cis-trans isomer)
1Table 3*10b 100MHz H NMR spectrs. of NN'di(2-nitrophenyl)propene-1- 
amino-3-inline acid salts in DMSO solution
Salt
Chemical shift, § ppm (TMS)
NH H-1, -c6v H-2
Geometrical
isomer
(ratio)
HC10. 12.7b :5}a ?}
10.1b 8.76]
S.6h\
8 .k-6 .k
6.115
6.30  
5.985? 
5.90 J
'6.6 j-
dd
cis-trans
(1.0)
all-trans
(2.1)
HC1 12
12
-77l
.67} *
10.0
9.36]
9.27
d
cis-trans
(1.0)
all-trans
(0 .62)
NN'di(2carboxylic acid phenyl)propene-1 -amino-3-immonium salts 
The spectra of the 2-carboxylic acid compounds are comparable 
to those of the 2-nitrophenyl salts and may similarly be explained 
in terms of stable ’cis-trans1 and ’all-trans’ isomers. The 60MHz 
spectra of the nitrate and sulphate acid salts are given in 
Table- 3* 11a, and although both isomeric forms are found in the 
case of the nitrate, only the ’all-trans’ form is detected in 
the sulphate. However, when re-run at 100MHz on a Varian HA-100, 
a small quantity of the ’cis-trans’ isomer was found (Table 3«1^b). 
It is interesting that coupling between the N-H protons and
1,3-protons is observed in this salt, so that the 1,3-proton 
signal is seen as a triplet, although the N-H proton’s signal 
is too ill-shaped to be properly described as a doublet.
The isomeric ratio is found to he sensitive to the presence 
of water in the solvent, the 'cis-trans' isomer being predominant 
when it is present. Thus, the broad double resonances at S = 10.73 
and 10.60 in the hydrochloride salt are assigned to the 'cis-trans' 
isomer's N-H protons simply from the line intensities. The 
1-proton in this isomer shows no sign of coupling to the N-H 
protons, so the doublet from the latter may be due to different 
chemical shifts, but spin decoupling experiments are required to 
verify this.
NN^di(2-acetophenone)propene-1-amino-3-imine hydrochloride
Only the hydrochloride acid salt of this compound was 
1
prepared. Its H NMR spectrum is similar to the other acid 
salt considered in this section, and is reported in Table 3«12.
These spectra are the least satisfactory of these compounds due 
to solubility problems, but the presence of three distinct 
singlet resonances close to the HDMSO signal indicates that ,
the methyl protons in the acetyl group have three separate 
chemical shifts. One of these lines is very much stronger 
than the other two, which are of about equal peak heights: 
the former is assigned to the two equivalent 'all-trans' 
acetyl groups and the pair to the inequivalent acetyl groups 
of this 'cis-trans' isomer.
-  y o  -
ITable 3*11 H NMR spectra of some NN'di(2-carboxylic acid phenyl)propene- 
1-amino-3-inline acid salts
(a) 60MHz spectra
Salt Solvent
NH
Chemical shift ( S ppm TMS)
H-1, 3 -CgH^-
Geometrical 
”  isomer
H-2 (ratio)
HNO. d^-DMSO 10.79
10.38 d
9.37
9.23
d
8.8A
8.6A
8.3-6.2
5.91
5.77
5.70
5.76
'6.5
(dd
cis-trans
(1.0)
all-trans
(1.3)
dg-DMSO
12.01 > d
9.15 6.86
8.92 ■t 8.6-7.1 6.68
8.72 6.^9
all-trans
-t
(J=12.5Hz) (j=11Kz)
(b) 100MHz spectra (S ppm TMS)
DMSO 12.07b
10.72
8.92  
8.82Vt 
8.72
?
all-trans
(22.0)
cis-trans
(1.0)
HC1 DMSO
+h2o
8.79
8.68 d
10
10
.73]d 9.3zf)d 9)
.6oj 9-26J ‘j
8.3-6.5
5.815] 
5.73 
5.865 
5.60 J
(dd
all-trans
(0.3)
cis-trans
(1.0)
1Table 3*12 H NMR- spectra of NN'di(2-acetophenone)propene-1-ainino-3~iniine 
hydrochloride
Ch
Solvent. Frequency
(reference) NH H-1,3
d^-DMSO. 60MHz *,11.8b ~8.3 
(TMS)
? ?
emical shi
-C6V
7.8-7.0
.ft ( s
H-2
6.50
6.36
6.22
?
ppm) Geometrical
-----------  isomer
C0CH-, -(ratio) 
j
2.33s
-t
1.96s
d/--DMSO 100MHz *.12.3b -8.9 
(TMS)
- 11.0 9.39k 
9.31J
8.2-6 .^
? 2.69s all-trans
3.89 j cis-trans 
3.803(dd 2.66,2.09 
5.76 [
3.663] •
DMSO 100MHz 12.30sb 9.0l1 
(DMSO) 8.91}
11.1M, 9.37ld 
11.02J 9-28]
s.k-e.k
~6.33
5.83
5.77
5.72
5 -Sk
; all-trans 
(3.6)
cis-trans 
dd (1-0)
b - broad
i
s - singlet 
d - doublet 
dd - double-doublet 
t - triplet
(v) Conclusions
The H NMR spectra of NN'di(aryl)propene-1-amino->-inline 
acid salts show that, in certain-circumstances, both 'cis-trans1 
and fall-trans' geometrical isomers may exist in solution.
These circumstances are as follows:.
1. In those molecules where an extended system of conjugation
is possible, for example, in the nitrophenyl and 2-nitrophenyl 
compounds where quinoid type structures are possible, (XIII & XTV).
n o 2
(XIV)
2. In those molecules that possess strong hydrogen bond acceptor 
groups attached to the phenyl ring ortho to the amine and 
to the ring so that intra-molecular hydrogen bond formation
(XIII)
to the ’acid-salt* hydrogens may occur, such as in the 
carboxylic acid (XV), acetophenohe (XVI) and nitro (XVH) 
groups.
H0\ ^ °  H c h3 \ c^ °  h
4-
(XV) (XVI) (XVII)
The presence of hydrogen bond donor groups o to the amino group 
does not stabilise the 'cis-trans* isomer, consequently only the 
'all-trans' form is seen in the 2-hydroxyphenyl salts.
In the carboxylic acid phenyl compounds hydrogen bonding is 
the dominant stabilising factor since the 'cis-trans' isomer is 
observed only in the 2-carboxylic acid phenyl acid-salts and not 
in the ^-carboxylic acid isomer.
Much work remains to be done in this area. The influences 
of temperature, solvent and steric effects all remain to be 
fully established.
It is interesting to note that Olah and co-workers have
examined the rotational (geometrical isomerism of some analogous 
alkyl carbonium ions prepared in SbF^-SO^ solution with the
following results for the rotational barriers:
CH CH,
/^G = 18.7 k.cal/mole
H CH,
HCH
As = 22.3 k.cal/raole
3.3 OB) H spin-spin coupling
(i) Factors governing the observation of N-H/1,3 spin-spin coupling 
Spin-spin coupling between the 1,3 and 2-protons is observed 
in all the salts examined, but coupling between the 1,3 and N-H 
protons was observed in only the sulphonic acid-, sulphaguanidine 
and ^--ethoxy-phenyl NN'di(aryl)propene-1-amino-3-inline hydrochloride 
salts. In most cases the N-H protons are in some way 'decoupled1 
from the 1,3-protons of the malon-bridge. All the spectra of the 
hydrochloride salts were run in the same solvent and under 
comparable conditions of temperature and concentration. However,
coupling^is observed in some and not in others which suggests that
/ .
the nature of the substituent on the phenyl ring (that is, the 
nature of the Vnalondianil' cation) is one factor influencing the 
appearance of coupling.
The decoupling mechanism appears to be either due to the
N-H protons exchanging with the solvent molecules and aniens,
or being induced to relax, at such a rate that the 1,3-protons
only sense the average orientation of the N-H protons. If the
decoupling is due to exchange then the observed coupling should
(138)be dependent upon temperature and pH 
influenced by steric factors.
and may also be
The 100MHz spectrum of malondianil hydrochloride in DMSO 
solution displays the following sequence of line shapes for the
1,3 resonance as the temperature is increased (Fig.19):
Fig.19 30 C
(303K)
4c rc
(31310
5 0 c
(323K) 70 c(3^3K)
They show 'intermediate' coupling at JOC (303K) and increasing 
decoupling as the temperature is raised.
A similar but opposite sequence is obtained when the pH of 
the- solution is increased (Fig. 20). The N-H and 1,3 lineshapes 
of malondianil hydrochloride dissolved in DMSO are shorn before, 
(A), and, (B), after the addition of three drops of concentrated 
hydrochloride acid to the NMR tube. Both spectra were run at
constant temperature.
Fig. 20 N-H 1,3-protons
(A)
(B)
The effect of changing the nature of the cation has already 
been noted, and the influence of the anion was studied by 
preparing a series of different acid-salts of malondianil. Their 
proton NMR spectra are of three types, decoupled, intermediate, 
and coupled; resonances of the NH and 1,3-protons are shown in 
Fig. 21 and the spectra are given in Table 3*^3.
ANION .
picrate
N-H 1,3-protons
chloride,
bromide,
iodide
nitrate,
perchlorate,
sulphate
(x2)
Fig. 21
Table 3*^3 100MHz- H NMR of some NN'di(phenyl)propene-1«
amino-3-imine acid salts in DMSO
Anion
Chemical shift ( £ ^ g)ppm
Signal1 NH H-1,3 H-2
Picrate 11.96 s 8.79]
8.67 d
6.30
6.19
6.07
Chloride
Bromide
Iodide
Nitrate
12.76
12.62
12
12
11
11
.13]
. O^ f j
d
d
12
11
• 025] 
,89 j d
8.89
8.931
8.83
8.78
8.8^5]
8.73
8.705
8.59
>dd
6A b  
6.33 
6.21
6.331
6.22
6.11
6.285
6.175
6.06
Sulphate 12.03
11.89
8.895 
8.77 
8.75 
8.6A-
>dd
6.33
6.215
6.10
Perchlorate 11.98'
11.83
d 8.8251
8.71
8.685
8.575
•dd
6.27
6.15
6.0^
>t
*
referred to TMS internal standard, other calculated 
according to formula 8TMS = SpMSO + 2*^2
These results show that, by changing the temperature, pH, cation
and anion spectra indicative of slow, intermediate and fairly
(139)fast exchange of the N-H protons are obtained , and it is 
concluded that the rate of N-H exchange is the predominant 
factor influencing the appearance of these spectra. Expansion 
of the spectrometer's sweep width when recording the spectra of 
these compounds, where exchange of the N-H protons is slow,•all 
yield the following values for the spin-spin coupling constants:-
(all-trans) ^ = 11-5Hz
(all-trans) ^(nh 1 3) = '^*OHz
These values are for 'trans' delocalised (one and a half) bonds,
(XVIII), and may be compared with the spin-spin coupling constants
of 17.^ Hz and for the 'trans' localised immonium (double) bond of
protonated N-benzylidene aniline (XIX), and 1*K0Hz and 13*8Hz
(lVl-1^3)
for the t r a n s - 3 -2 )' coupling in 1,3 dimethyl alkyl cations ,
(XX):
H
N
(XVIII)
CHCH
(XIX) (XX)
No coupling was observed betv/een the N-H and 1,3-protons in
NN'di(aryl)propene-1-amino-2-chloro-3-imine hydrochlorides
examined in DMSO solution, though.in the case of the phenyl
compound both the acid salt nitrate and sulphate compounds
1were prepared, and H NMR spectra run in DMSO in the presence 
of additional acid.
(ii) Geometrical isomerism and spin-spin coupling
In Section 3*5 (A)(iv) the first direct observations of 
the 'cis-trans' isomer in NN'di(aryl)propene-1-amino-3-imine acid 
salts are reported, (Page 87). It is not therefore unreasonable 
to suppose that a similar geometrical isomeric equilibrium may 
exist in other derivatives to those discussed in 3*5 .(A)(iv), 
where the circumstances are not sufficiently favourable to 
allow the 'cis-trans' isomer a long enough life-time for its 
own NMR spectrum to be detected.
One method for determining whether such an equilibrium 
exists would be to closely observe any variation of the spin-spin 
coupling betv/een the 2- and 1,3-protons of these salts dissolved 
in different solvents. '
Consider the effect upon the spin-spin coupling, (J^  ^ »
of an equilibrium between 'cis-trans' and 'all-trans' geometrical 
isomers. The 'all-cis' isomer is excluded from' this discussion 
since it requires both the hydrogen atoms attached to the nitrogens 
to occupy the same volume of space, and hence is a highly unlikely 
conformation for these acid salts.
Let Met and Mt be the mole fractions of 'cis-trans' and 'all- 
trans' isomers respectively and ^tct an(^  ^t ^ e -^r
cis(H-l/H-2), trans(H-^/H-3) 'and trans(H-1,3/H-2) spin-spin 
coupling constants, viz.
R
R
H
'R
-3) Jtct
The observed coupling Jq is given by
Now
Therefore
That is
MctJ , Mct.J, ,
T m r f T C C t t C tJ = Mt.J. + --- —^ — +  r----o t 2 2
Mt = 1 - Met
Mct.J , Mct.J, ,
T T T ur I C C t  t C tJ = J, - J. Met +  r  + --- -^---o t t 2 2
—  i Kjy —
If
then
Similarly
Therefore
That is
Jt ~ jtct
2(J. - J ). r i t  O
Mct = Tjr— "D.t cct
Met = (1 - Mt)
T jcct MtJ , jtct MtJ, ,J = Mt.J, + —r—  - —  cct + —r—  - —  tct o t 2 2 2 2
(2Jo - Jcct - Jtct} = Mt(2jt - Jcct - Jtct}’
Mt = 2Jo ~ Jcct ~ Jtct 
2^t ^cct ^tct /,
and for
Jt " Jtct
Mt =
(2J - J . - J.)o cct t
(J. - J .) t cct
§ . (115)this is not unreasonable since m  the dimethylalkyl cation
CH,
ct
H tt
CH,
H,
CH
CC
CH.
CH
= 14.0Hz
9.0Hz
H— (i*
cct 
H ^tct
CH,
9.0Hz
14.0Hz,
1 ,The 100MHz H NMR spectrum of NN'di(phenyl)propene-1amino-
3-immonium nitrate was run in different solvents, and the 
splittings of the 2-proton (triplet) measured at a sweep
width of 100Hz (Table 3.1*0.
Table 3.14-
Solvent
2-proton triplet 
line separations 
(Hz)
J( 1,3-2) 
(Hz)
Acetone 11.7 11.7 11.7
dg-DMSO 11.6 11.8 11.7
Methanol 11.7 11.9 11.8
These results do not show a significant change in ^_2) 
with solvent, so that the postulate must be regarded as unproven.
However, the compound used has little to commend it for this 
investigation apart from its solubility in acetone, since it has 
neither hydrogen bond acceptor groups on the phenyl ring, nor 
groups favourable to extended conjugation. In any future 
experiments compounds expected to be more favourable to 
geometrical isomerism, such as NN'di(2-trifluoromethylphenyl) 
propene-1-amino~3-immonium salts, should be used. Attempts at 
running the spectrum of the hydrochloride salt of this compound 
in various solvents were unsuccessful, however, because of 
solubility problems.
To obtain an estimate of the sensitivity of this method for 
detecting 'cis-trans*, 'all-trans' isomerism, assuming a value
for of and Jcc .^ of 5 .5Hz, and that a difference in
(J^ - J ) of 0.5Hz is significant, then
„ . 2(11.5 - j )Met = o
Therefore
and
3Mct = 11.5 - JoJ
Met = 0.5/3 ** 0.2 .
That is, the mole fraction of 'cis-trans' isomer required for 
reliable measurement is of the order of 0.2.
CHAPTER FOUR
Some bis[NN'di(aryl)propene-1-aminato-3-imine] metal(Il) 
complexes
The stereochemistry of bis(chelate-ligand)metal(II) complexes 
The stereochemistry of four co-ordinate bis(ligand)metal(ll)
(1Wcompounds has been reviewed by Holm and O’Connor
Considering monomeric examples of these compounds, it is 
evident that the limiting co-ordination geometries are planar, 
where the four'co-ordinated ligand atoms and the central metal 
ion are coplanar, or tetrahedral, where the angle ($) between 
the two planes each containing one ligand the central metal ion 
is 90°, (I).
Many complexes are known to have intermediate stereochemistries 
that may be thought of as being distortions from the exact 
microsymmetries. Thus the LML angle (^ ) may deviate from 
109°28' of the true (T^ ) tetrahedron or the angle between the 
ML^ planes may be less than 90° but greater than 0°. These 
compounds are usually referred to as ’pseudotetrahedral1 and 
.have approximately D^ microsymmetries. Other distortions from 
the geometrically exact forms may be encountered. For instance, 
in some cases where the ligand structure is such that a planar 
configuration would impose excessive steric interference on the 
complex, the expected ’tetrahedral’ co-ordination is not found. 
Instead a ’stepped’ structure is formed where the four co-ordinated
ligand atoms and the central metal ion are coplanar, but the 
other ligand atoms are not coplanar with them, (II).
(II)
CH
CH
N
I! il
(in)
An example of a complex with this structure is bis(N-phenyl- 
N'-p-tolyl-C-methylformazan)nickel(ll) , (ill). Because 
of the ’planar' metal environment the compound is diamagnetic , 
which distinguishes this geometry from 'pseudotetrahedral'.
Preparation and characterisation of.some bis[N!Tdi(aryl)propene-1- 
aminato-3-imine] metal(II) complexes
k.2 (A) Bis[NN'di(phenyl)propene-1-aminato-3-imine]metal(ll) complexes 
The Co(ll), Ni(ll), Cu(ll) and Zn(ll) compounds were 
prepared by refluxing a 2:1 molar solution/suspension of the 
ligand and metal acetate in dried alcohol in the presence of 
anhydrous sodium acetate. The resulting complexes were filtered, 
washed with alcohol and ether and dried in vacuo. Both Co(II) 
and Ni(ll) complexes are almost identical in colour being deep 
maroon red; the Cu(II) compound is very dark green (almost black); 
and the Zn(Il) derivative is yellow. All are sparingly soluble 
in cyclohexane and chlorinated hydrocarbons and are insoluble in 
water and ether.
Table 4.1 Elemental analyses of bis[NN'di(phenyl)propene-1-
aminato-3-inline]metal(II) complexes
Compound M.Pt. 
°C C
Pound
H
{%)
N
Calculated (%) 
C H . N
CoX,2 283 71.9 3.32 .11-3 71.9 3.23 11.2
NiL2-H20 230d 69.4 3.43 10.8 69.3 5-33 10.8
CuL2-H20 233 68.7 3.63 11.7 68.8 5.39 11.7
ZnL^ 234 70.9 3.30 11.1 70.9 3.16 11.0
d = decomposition
4.2 (B) Bis[NN' di(alkoxyphenyl)propene-1-aminato-3-imine]metal(H) 
complexes
These compounds were prepared in the same way as described 
in Section (A). They were, however, all refluxed for approximately 
two to three hours and the resulting solids, each being of the same 
colour as its corresponding bisjjNN'di(phenyl)propene-1-aminato-3- 
imine] metal(II) complex, were then filtered off.
In all of the preparations involving the NN>di(2-methoxyphenyl) 
propene-1-amino-3-imine and NN' di(2-ethoxyphenyl)propene-1-araino- 
3-imine ligands, although the correctly coloured solutions were 
obtained, no solid complex was isolated. Reduction of the volume 
of the solution by solvent evaporation results in the formation of 
intractible oils, tars or glass-like solids having unsatisfactory 
analyses.
The elemental analytical data for all these complexes show 
that complete complexation has not occurred in some cases, 
particularly for the 4-ethoxyphenyl compounds. That a degree 
of co-ordination has taken place is shown by the colour change
Table 4.2 Elemental analyses of bis[NN'di(alkoxyphenyl)propene-
1-aminato-3-imine]]metal(II) complexes
Compound M.Pt. Found (%) Calculated (%)
alkoxy group metal °C C' H N C H N
JjCH^ O
3
Co 236 63.1 3.38 8.98 63.7 3.51 9.01
3
Ni 271 63.3 3.48 8.74 63.7 3.31 9.02
4ch_o
3
208 . 63.3 3.37 8.69 63.2 3.^7 8.93
'j
Zn 240d 63.O 3.34 8.73 63.0 3-46 8.92
4CoHj-02 3 Co 237d 66.6 6.37 8.07 67.3 6.23 8.27
4CoHc_0 2 3 Ni . 273d ■31-4 3.39 6.32 67.4 6.25 8.27
4c _h ,_o2 3 Zn 243 43.0 4.79 3.38 66.7 6.19 8.19
d = decomposition
during the reaction, and by the mass-spectra of these compounds, 
(Chapter 3? page 203). Thus, in any future attempts to prepare 
these chelates the time allowed for the reaction must be increased 
beyond three hours. ‘
4.2 (C) Bis[NN' di(R-phenyl)propene-l-aminato-3-imine] metal(II) 
complexes, where R = 2-, 3- and 4-methyl, 4-chloro and 
3-nitro
The complexes reported in this section were all prepared 
by chelation in anhydrous solvents under strongly basic conditions. 
A solution of the ligand hydrochloride (2 molar) in dry alcohol was 
refluxed with 2,2'-dimethoxypropane for approximately half-an-hour. 
To the cooled solution potassium tert. butoxide (4 moles) and metal 
acetate (1 mole) were added and refluxing continued for four/five 
hours, until co-ordination was judged to have taken place. The
solution at this stage is a very dark red (port-wine like) colour 
in the case of the cobalt and nickel compounds. It was then 
reduced to dryness in a rotary evaporator, and the residue taken
Table h.J> Elemental analyses of some bis NN' di(K-phenyl)propene- 
l-aminato-^-iroine metal(ll) complexes
Compound 
E M
M.Pt.
°C C
Found
H
(%)
N
Calculated {%) 
C H N
bCK^
3
Co 262 73-0 3.99 10.2 73-3 6.13 10.1
3CH3 Co 98 69.6 6.31 8.3^ 69.8 6.3^ 9.38 i .3H2o
2CHV
3
Co 265 72.3 6.03 10.2 73.3 6.13 10.1
^CH_
3
Ni 270d 72.1 6.0 0 10.1 73.3 6.13 10.1
3CH3 Ni 167 73-0 6.03 9.88 73.3 6.13 10.1
kci Co 27^ 36.3 3.31 8.61 56.A- 3.^7 8.76
boi Ni 270 (See Section 3-3 CD))
3N02 Co 130 31.7 3.30 16.3 31.3 3.^6 16.0 -h20
OJ
o5
Co >300 1
up in a little dichloromethane. This was left to stand to allow 
the complex to crystallise and the solvent to evaporate. Many 
minor variations in the latter procedure were carried out in 
attempting to induce crystallisation, and although preparations 
were attempted with the majority of the ligand salts reported in 
Chapter 3? successful crystallisation was obtained only for those 
complexes listed in Table h.J. The 2-methylphenyl-Co(II) complex 
was not isolated by this procedure because no suitable solvent 
was found for it. Separation was achieved by shaking the dried
reaction mixture of this red complex embedded in a white matrix 
of other reaction products with water, followed by filtration.
The residue was further washed with alcohol, ether, and then 
dried.
In most of the unsuccessful preparative attempts the products 
obtained on rotary evaporation were in the form of oils or tars, 
from which no crystalline solids were isolated.
4.2 (D) Molecular weight determinations
To establish whether or not these complexes undergo 
self-association, analogous to that found in bis(acetylacetonate) 
chelates of C6(II)^^ ’^ ^  and Ni(ll)^ , the molecular weights 
of the bis[NN' di(phenyl)propene-1-aminato-3-imine] metal(H) 
complexes were determined. East's method was employed, wherein 
the depression in the freezing point of a known weight of camphor 
produced by the addition of a weighed quantity of the complex is 
measured ^ . The molecular weight of the complex is calculated 
according to the equation:-
1000 K1000 
IW = - w T  • w • ~ A t "
where
and
«*•
W is the weight of complex (grams)
Wc is the weight of camphor (grams)
/\t is the depression of the freezing point (°C)
K is the molar depression constant of
„ camphor (=40).
Although the method is primative, it should reveal if extensive 
dimerisation or trimerisation of the chelates occurs.
The results for the Co(ll), Ni(ll), Cu(ll) and Zn(Il) derivatives
all lie within the ^50-6^0 molecular weight range. Since their
actual molecular weights are in the range 500-520, these results,
(Zfo)
when taken with Honeybourne1 s data for the 5- and A-methyl- 
phenyl nickel(II) complexes of 555 and 558 (actual 556), and for 
the 3-roethylphenyl cobalt(II) complex of ■^b'l (actual 557)? 
indicate that self-association does not take place.
h.2. (E) X-ray diffraction
All the bis [NN' di (phenyl )propene-1-aminato-3-inline] metal(ll) 
complexes prepared in the course of this work were obtained as 
finely divided powders. A thin coating of each of these powders 
was applied to a drawn glass spindle which was then mounted 
coaxially on the central turntable of a Debye-Scherrer camera.
Their diffraction photographs, taken with X-rays derived from • 
a Co target, appear to have identical patterns and arc separations, 
indicating that they may be isostructural.
b.2 (F) NMR spectrum of bis [nN'di(phenyl)propene-1-aminato-3- 
iminej zinc(II)
The 100MHz spectrum of this complex dissolved in CDCl^ 
consists of a 1:2:1 triplet at 8 = f^.8^ppm of unit relative 
intensity, a group of peaks in the range 8 = 6.5~7»%pm due 
to the phenyl ring protons (intensity ten), and a 1:1 doublet
at & = 7*68ppm of intensity two
Assignment 1,3-protons Phenyl ring protons 2-proton
*
Chemical shift 
S ppm
6.96
The spin-spin coupling constant ^ V7as measured at a 
spectrometer sweep width of 100Hz and found to be 6.7Hz, which 
is consistent with a 'cis1 coupling and hence an 1all-cis1 ligand 
configuration.
Vibrational spectra
The infra-red spectra of some of the chelates are reproduced 
overleaf (Figs.22-33)• The overall appearance of these are, for 
a given ligand, very similar. This is exemplified by the Co(ll) 
and Ni(ll)bisjNN'di(^f-methylphenyl)propene-1-aminato-3-imine] 
and bis{NN'di(^-chlorophenyl)propene-1-aminato-3-imineJ complexes 
(Figs. 26,27 & '28,29) where, apart from minor shifts in band
t
position that are probably due to the mass difference in the 
metal'ions, the spectra are identical.
The spectra of all the bis [NN' di(^f-methoxyphenyl)propene-1-
aminato-3-imine| metal complexes are also very similar, but a
careful examination reveals differences in band-shape in addition
to the small band-shifts. In particular the strong band at 
—1~1*f30cm is single in both the Zn(ll) and Co(II) compounds, 
but is split into two peaks in.the Ni(ll) compound and into 
three peaks in the Cu(ll) compound. These changes are not 
related to the mass of the metal, but the gradation from a 
single band to a triple structure is consistent with the usual
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stereochemistry of these metals, in that the splittings may 
reflect the degree of distortion of the co-ordination geometry 
from tetrahedral (Zn) toward planar (Cu), Figs. 22-25.
Electronic spectra
(A) Solution spectra
The electronic spectra of the soluble complexes together 
with the spectra of some of the free ligands are given in Table A. 
These spectra, for a given metal, are all very similar and those 
differences that do occur seem to be due more to the relative 
solubilities of the complexes than to any possible differences 
in their stereochemistries.
In all of the chelates containing Co(ll) or Ni(ll), the highest 
energy band that can be assigned to a d«— ►d transition occurs as 
a shoulder, or as a distinct band, on the low frequency wing of the 
very strong ligand chromophoric band. One consequence of this 
overlap is that the extinction coefficient calculated from the 
absorbance at maximum absorption of the metal d*«— ►d band 
invariably contains a component due to the ligand band. Never­
theless, the actual extinction coefficient of this band is of the 
3 - 1 - 1order of 10 1.mole .cm . The extinction coefficients of the
second band due to a. d*«— -►d electronic transition, found at around 
-19000cm , where the possibility of intensity enhancement does not
arise, are of the order 102! .mole^lcm"^. These intensities show
that the metal ion is situated in a non-centrosymmetric environ- 
(151 152)ment ’ such as is found in tetrahedrally co-ordinated complexes.
Since both the magnetic moments (Section k.5) and electronic 
spectra are consistent with tetrahedral type co-ordination, and
analogous chelates are reported to be pseudo-tetrahedral, these 
compounds are discussed in terms of the ligand field theory of 
tetrahedral (T^ ) compounds. It must be borne in mind, however, 
that the.chelate rings reduce the actual symmetry of the mole­
cules from T^ to D ^ and that, in fact, the bond angles are most 
unlikely to be those of a regular tetrahedron so that the derived 
parameters are therefore only approximate.
Table A.A- Solution electronic spectra of some bis[NN'(aryl)propene-
1-aminato-3-inline] metal(II) complexes
Metal (solvent)
Aryl _ 'j
Band maxima Vcm ( £ m)
(cyclo- 
hexane)
Co(ll) Ni(ll) Cu(ll) Zn(ll)
(cyclo- .(cyclo- (cyclo- (cyclo-
■hexane) hexane) hexane) hexane)
^0300(13800) ta>oo( 20700) ^0300 *f0200 (10 f^OO ) ^0300 (12800) 
36300(sh) 339OO(sh)
30800(9970)
23100(33600) 2^200(3^300)
33800(sh) 3^600(sh)
32800(2600)
26300(2 2^00) 23000(36900) 23300
(ch2ci2) (ch2ci2) (ch2ci2) (ch2c i 2) (ch2c i 2)
19*100(2600) 188 VOsh (2800) 18 5^0(1520)
95^(90) 1*1660(1290) 
6990 (*170)
Aryl
Metal (solvent)
Band maxima Vcm (6 m)
H
(MeOH)
40500(11300) 
34200(sh) 
33200( 6100) 
23800( ^ 800)
Co(ll)
(ch2ci2)
39700(2^ 0)
2^800(33100) 
192^0( 3330) 
9600( 99)
Ni(II)
(c h 2c i 2)
3k00 (sh)
25100(33100) 
19500( l850)sh 
8000( 37)
H
(MeOH)
40800(11000)
33100(sh)
27500(36500)
Co(II)
(c h 2c i 2)
39600(2^600) 
25030(39700) 
19500( 2100) 
9550( 71)
Ni(lI)
(g h 2c i 2)
34800sh(l4400) 
25300 (32100) 
v19000 ( 4000)sh
9150 ( * ) 
-7600 ( * )
Co(ll)
(c h2c i2)
38900(24000)
24600(54000) 
19300( 3590)
9600( 83)
Ni(ll)
(c h 2c i 2)
39300 (22500)
33700sh(1^700) 
24950 O4800)
18850 ( 2800) 
17600sh( 1^50)
-8000 ( 70)
3N°2C6Hif H
(MeOH)
40240
36500sh
28330
Co(ll)
(c h 2c i 2)
39220
24630
19500( 3340)
9650( 131) 
-7600sh (65)
* - saturated solution
Aryl
Metal(solvent)
Band maxima 1/cm ( £m)
Co(ll)
(chci2)
37000(2*1-100)
21900(68100)
l6700sh(5900)
9500( 115)
c  - 1 - 1tm.- extinction coefficient in l.mole cm
Co(II) complexes
The ligand field theory of a d ion in a tetrahedral 
environment predicts three spin-allowed transitions from the
Ll
A2(F) ground term, (IV).
15B
j ..
T.
*Ti
(IV)
Comparison of the observed spectra (Table k.k) with those
of other 'tetrahedral* Co(ll) complexes suggests assignment of
band to the y.
(A1,A2,90,153)'
-1 -1the ^ 19000cm ? and the ~ 9000cm band to the
5
v2transitions From these, and using the
( 15*0following equations derived by Underhill•and Billing :•
3toDq2 - 18( V 2 + V,)Dq + V, \>z = 0
and
v 3 + y 2 " 30Dq
15
values for the ligand field splitting parameter (Dq) and the 
Racah interelectronic repulsion parameter (B') were calculated..
Both roots of the quadratic equation are given in Table *f.5i 
but B' has been calculated only for the required solution of 
Dq. The values of these parameters are consistent with those 
reported for other ’tetrahedral1 cobalt(II) complexes^^»153j156 158) 
However, the figures found for the complex cannot be
Table b.3 Co(Il) ligand field parameters derived from the 
solution electronic spectra
Aryl T> -1Dq cm B'cm ^ Bf
C6H5 55^ 821 0.73(976)
kcn3c6Kk 3Gb
(963)
795 O .71
y x 3c6nk 560 817 0.73
(978)
56*t
(966)
799 O .71
3N02C6Hif 567
(977)
809 0.72
575
(812)
597 0.53
+ B'
B = —• the nephelauxetic parameter, v;here Bo is the
’ free ion interelectronic repulsion parameter. 
Bo = 1120cm”1. V155)
regarded as being reliable because the massive ligand or 
charge-transfer band is at a lower frequency than in any 
of the other complexes, with the result that the y^ , band 
is almost completely obscured and the parameters were 
calculated using the position of the shoulder on the ligand 
band as the centre of the transition.
The V band is predicted to lie at a frequency equal in 
(159)magnitude to 10Dq and although 10Dq for all of the complexes
lie within the operating range of the spectrophotometer used in
—1
this work (^OOO-^OOOOc*11 )? the band -was not detected. This 
is undoubtedly due to several factors including the solubilities 
of the chelates, the presence of solvent vibrational overtone 
bands in this region of the spectrum and the low intensity of 
the band.
In the single instance where the band has been observed
in a complex having a similar structure to those reported here,
its extinction coefficient (^m = b,J>) is approximately.1/8 of
(Zf2)
the extinction of the band , and the ratio of the
extinction coefficients of its V_ and y o bands is ~27-
Similar intensity ratios of the and bands are evident
in the electronic spectra of the Co(II) complexes reported in
Table k.k and it is reasonable to suppose that their ( y^/ vtj)
bands' intensity ratios may be "8.  ^Using this factor the
extinction coefficient of the band of these complexes is
-1 -1predicted to lie in the range 10^201.mole .cm
Ni(II) complexes
The solution spectra of the Ni(ll) chelates are very
similar to those of the analogous Co(II) compounds, although
the d-d bands are generally, weaker. This,, together with
-I
their lower solubility, results m  the ~19000cm band being
observed only as a shoulder on the low energy wing of the
ligand or charge-transfer band, and these'two factors are
-1sufficient to prevent observation of the *'8000cm band in 
the case of the b.is [NN' di(phenyl)propene-1-aminato-3-iminejNi 
complex.
Examination of a saturated solution of the most soluble 
of the nickel complexes, bis|NN'di(3-methylphenyl)propene-1- 
aminato-3-iminejNi(lI), in dichloromethane using a 2cm path 
length cell reveals that the low frequency absorption extends 
over the 6000-11000cm region (Fig.3*f) and shows that it is 
composed of multiple overlapping absorption bands.
<
97 86 io II
v .  io3 Cm
Fig. 3k
-1Although multiple absorptions in the 6000-11000cm region are 
reported to be diagnostic of pseudo-tetrahedral Ni(ll) co-ordinated
(81 'iAA)
either by four nitrogen, or by two nitrogen and two oxygen atoms ’ 
it therefore comes as.some surprise to find that at present, there
is no commonly agreed explanation of these bands in terms of the
8
ligand field theory of a d ion in a potential field of T^ or 
even symmetry. .
8
The diagram of the lowest spin-triplet energy levels of a d  
ion in a field of T^ symmetry (V) shows that there are three
■z
spin-allowed electronic transitions from the ground Ft' (F) term.
(V)
If the observed bands are assigned in the same manner as in the
-1
Co(ll) compounds, the ~19000cm band is due to the transition 
—1and the^SOOOcm band to the transition. However, the
upper term of the V ^ transition cannot be split by lower
symmetry distortions, as happens to T terms under a tetragonal
distortion (V), so that only a single absorption should be
observed. Various explanations of the multiple absorptions
have been advanced including the presence of a spin-forbidden
'I
transition to an upper state arising from the D term of the
_ . (lVf,l60,l6l) , . ,, ^4.+' T4-4-* (^ 62)free ion V ’ , and to the ground state splittings
.with.overlap of the band being sufficiently large for 
components of the band to be present in the same region 
as V 2( 1 W .
However, since only two bands are observed in most of the
solution spectra of these complexes they are assigned to the
spin-allowed transitions ^ and y^. Again, using the
(151)equations given by Underhill and Billing ,
3toDq2 + 18(V - 2 V 2)Dq + y *  -  y 2 y ,  = 0
and
y  - 2 y  + 30Pq 
t> ' y c-
B ■- 15
the ligand field parameters given in Table 1.6 were calculated. 
Although these are given to three significant figures they should 
be treated only as orders of magnitude because of the much greater 
uncertainty in the band position'than is the case in the Co(Il)
Table 1.6 Ni(ll) ligand field parameters derived from the 
solution electronic spectra
Aryl
Dq cm B cm
136
(-621)
1100 1.0
3CH3C6Hif 119
(-610)
1090 1.0
b01CeKk 138
(-333)
1020 0.93
b+ -  £^  the nephelauxetic parameter, where Bo is the free
ion interelectronic repulsion parameter. Bo = 1080cm \  ^ ^3)
complexes. The gross nature of these derived'parameters is 
highlighted by the B' values of the and 3CH^- complexes .
(Table 1.6) which actually slightly exceed the free ion value (Bo).
In general, tetrahedral complexes of Ni(ll) are reported to 
be more ionic than their Co(II) a n a l o g u e s ^ , and the lower 
molar extinction coefficients and the higher nephelauxetic 
ratios (B) found for the Ni(ll) chelates reported here are 
consistent with this conclusion.
Cu(ll) complex
The splitting diagram (VI) shows the energy levels for a 
Cu(ll) d9 ion in an exactly tetrahedral ligand field, and also 
in the approximately field of a tetragonally distorted 
tetrahedral co-ordination shell. Only one d«-»d transition and 
therefore only a single band is expected from complexes with a
D
(VI)
X -  A, 
-*B,
T.
regular tetrahedral co-ordination geometry. However, in complexes 
with approximately symmetry three spin-allowed transitions
are possible.
In the spectrum of bis [NN'di(phenyl)propene-1-aminato-3- 
iminejCu(II) three bands are observed indicating that this 
chelate has a pseudo-tetrahedral structure. This is supported 
by the spectrum of bis(N-isopropylsalicylaldiminato)Cu(lI) 
which is similar, £ v m^ c m ”1 ( ^  m); 8500(20) 513^00(260); 
20800(1500)] and which has been shown by X-ray
crystallography to have a flattened tetrahedral geometry^^'^.
From their solution electronic spectra it is concluded that 
the bis [m ' di(aryl)propene-1-aminato-3-imineJ metal(II) complexes 
where M = Co(II), Ni(II) and Cu(Il), have a pseudo-tetrahedral 
co-ordination geometry.
• (B) Diffuse reflectance spectra
The diffuse reflectance electronic spectra of the 
bis [ktr di(aryl)propene-1-aminato-3-iminej metal(II) complexes 
that have been examined are, for a given metal, so similar 
as to be characteristic of that metal. The effects on the 
spectra of a change in the ligands’ phenyl ring substituents
i
are confined to minor changes in band position and intensity. 
Because of this continuity in the d«-*d band splittings in 
particular it is concluded that the solid state stereochemistry 
of these complexes is approximately the same for a given metal.
The reflectance spectra of the NN'di(phenyl)propene-1-amino- 
3-imine ligand’s complexes were recorded both with the sample at 
room temperature and cooled with liquid nitrogen (Table ^f.10). 
They are also the only set of d^ to d ^  chelates that were
- 138 -
Table 4.7 Diffuse reflectance electronic spectra of bisjjlN'di(2-- 
methylphenyl)propene-1>-aminato-3--inline] Co(II); 
bislNl'Tdi(3-niethylphenyl)propene-1-arainato-3--iffliile] Co(Il)
and bisjNN'di(if-methylphenyl)propene-1-aminato~3“iMineJCo(ll)
-1
^maxcm ’ (relative absorbance, arbitrary units)
* S C6H4 3CH3C6 \ 3 O Hr '
38000(sh) 383OO (sh) 38400 (sh)
29000(1.68) 28900(1.64) 27300(1.63)
' 22000(1.37) 22600(sh) 21600(1.49)
19^ 0(1.60) 18600(1.48) 18300(1.34)
- 16700(1.51)
12600(0.73) 12300(0.73) 12500(0.76)
10400(1.04) 10900(0.87) 11000(0.96)
8900(1.0 )^ 8900(0.87) 8800(0.95)
7000(sh) 6700(0.69) 7000(sh)
2DE3G6Ek
JCE3G6Sk
00-
10
u
20
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Table A-.8 Diffuse reflectance electronic spectra of
bis[NN' di(A--chlorophenyl)propene-1-aminato- 
3-iniinejCo(ll) and Ni(ll) complexes
V  cm  ^K max
(relative absorbance, 
arbitary units)
■ M = Co Ni
38600(sh) 
29200(1.7*0
21700(sh)
-38000(sh)
26700(1.31)
18000(1.69)
16100(1.69)
18000(1.^7)
12300(0.7*0 
11200(0.92) 
8900(0.88) 
7000(sh)
11900(0.61)
8^0(0.39)
6600(0.61)
Co
Ni
05
1-0
Zo
25
y . 1 0 1 cm"1
-140 -
Table 4.9 Reflectance spectra of some bis[NN'di(4-methoxyphenyl)
propene-1-aminato-3-iminejmetal(II) complexes
-1V  maxcm (relative absorbance, arbitrary units)
Co Ni Cu Zn
Free ligand 
(H)
45100(1.35)
~38000(Sh)
- 28600(1.58)
17900(1.51)
12600(0.53) 
10200(0.76) 
9400(0.73) 
7400(sh)
45200(1.44)
'38000(sh) 
33500(1.61) 
,27000(1.63)
17300(1.62)
10800(0.64)
8900(0.55)
7500(0.55)
5300(0.3sh)
45300(1.48) 
-37000(sh) 
'33000(sh) 
26100(1.67)
22800(1.56)
17900(1.30)
14300(1.29)
6800(0.94)
45000(1.34) 45400(1.42)
'38000(sh) -38OOO(sh)
'34000(sh) 
28100(1.57) 
24500(1.46) 
20300(1.31)
31900(1.46) 
23000(sh)
00
Zn -
Cu
Ni
o-k Co
0B
IO
Ik
Z-0
25
y/. 10* CAt 1
Table 4.10 Diffuse reflectance spectra of some bis[NN'di(phenyl)
propene-1-aminato-3-imine]metal(ll) chelates
V cmmax
-1 (relative absorbance)
Co Ni Cu Zn
Free ligand 
(H)
Room temperature
45100(1.44) 
'^38000(sh) 
29500(1.84)
22200(sh)
18800(1.7*0
16800(1.73)
12700(0.61) 
10700(0.81) 
9100(0.83) 
7200(sh)
45200(1.53)
-38000(sh)
45000(1.29) 
38200(sh) 
-33700(sh) 
27000(1.68) 
24000(sh) 
2l600(sh)
i84oo(i .37) 18100(1.30)
11400(0.52) 1*f300(1.32)
8200(sh)
7000(0.54) 6300(0.89)
45100(1.40). 
-38OOO(sh) 
33000(1.62) 
29000(1.77) 
23000(1.38) 
20100(1.47)
45400(1.73)
-38000(sh) 
3*fOOO(l.9l)
23*f00(l .ho) 
22500(1.40)
Low temperature
44900(1.25)
'37000(sh) 
29000 (1.4 6)
22400(sh)
3^100(1.38)
-35000(sh)
12700(0.62) 
11000(0.78) 
9000(0.84) 
7300(0.54)
45200(1.35)
*-37000 (sh) 
33000(sh)
26700(1.63)
2^300(1.37)
22600(1.49)
21500(1.44)
17800(1.**8) 18200(1.60) 18100(1.46)
11600(0.46)
8200(0.38)
6800(0.42)
5200(0.22)
14400(1.49)
6500(0.98)
45500(1.04)
29000(1.19)
24200(1.16)
21100(1.20)
prepared which are sufficiently soluble for their solution 
electronic spectra to be recorded, and since they appear to 
be representative of this class of compound their spectra are 
discussed in some detail.
The reflectance spectrum of the free ligand, NN'dl(phenyl)
propene-1—amino-3-imine, and its Zn(ll) complex are given in
Fig. 35 • Comparison of these with their solution electronic
spectra (Table 4.10) reveals that a bathochromic shift of 
-1—3000cm in the lowest energy band m  the spectrum of the
free ligand occurs on going from solution to the solid state.
This is the strongest band observed in the W-visible region
*
of the solution spectrum; it has been assigned to Tf — ► n
tran s i t i o n s a n d  it is the chromophoric band of these
ligands. .The spectrum of NN' di(phenyl)propene-1-amino-3-imine
was run in methanol and cyclohexane solutions at concentrations
up to saturation in an attempt to detect n— ►Tf bands at
energies lower than the chromophoric transition. These were
unsuccessful so that, as far as the solution spectra are
*
concerned, any n — bands presumably occur within the 
envelope of the chromophoric band and are completely obscured. 
In the solid state reflectance spectrum, however, the lowest
energy electronic absorption band has a double maximum at
-1 -122600cm and 23500cm . It is possible that an n — *T\
transition is responsible for one of these, but the equal 
intensities (absorbances^of each maximum suggests that this 
explanation is unlikely. Another possibility is that both 
the ’all-cis’ and 'all-trans' isomers are present in the 
solid state, and this is supported by the magnitude of the
- 1^3 -
band maxima’s separation. In cyclohexane solution ('all-cis'
-1isomer) the maximum is at 26300cm , and in methanol ('all-trans1
-1(98) -1isomer) it is at 26700cm , giving a separation of l^ fOOcm
which is of the same order as the separation observed in the
-1solid state reflectance spectrum h  900cm .
On complexation the strongest band and the lowest energy
band are no longer synonymous and the-lowest energy feature
* * -1is shifted to a lower frequency by ~1300cm from the free
ligand (Fig. 35).
Fig. 35 Reflectance spectra of NN'di (phenyl)propene-1-amino-
3-imine and bis[NN'di(phenyl)propene-1-aminato-3-imine] Zn(ll)
" '  free ligand,
room temp.
. Zn complex,
room temp. ------
Zn complex 
low temp.
00
0-2
0-8
O'
10
25
-  l¥f -
The reflectance spectra of the Cu(Il), Ni(ll) and Co(ll)
complexes of this ligand (Figs. 3 6 - 38 ) have weak absorption
-1bands in the 5000 1^2000cm range, and also absorptions in the 
-113000^21000cm range which appear to have intensities comparable
*
to the ligand Tt — ►Tf bands. Both the former and the latter are
assigned to metal d«->d transitions since they occur at lower
frequencies than the lowest energy feature in the Zn(ll) chelate's
-1
spectrum, even though the absorptions in the 13000-21000cm 
region cannot be so assigned from their apparent relative 
absorptions. . The reflectance spectra also show that apart
Fig. 36 Reflectance spectra of bis{~NN'di(phenyl)propene-1 -aminato- 
3-imine] Cu(ll)
room temperature spectrum - 
low temperature spectrum .
o-o
02-
v. io c;
-  '14-p -
from a sharpening of the d«-»d hands the effect on the spectra 
of reducing the temperature is minimal.
The d ^ d  bands in the solution and reflectance spectra of 
the Cu(ll) chelate occur in approximately the same positions, 
although in the reflectance spectra their intensities appear 
to be comparable to the ligand bands. These spectra are 
consistent with those reported for the corresponding complex 
of 1,3-dimethyl NN'di(phenyl)propene-1-amino-3-imine which is 
thought to be pseudo-tetrahedral^^. Nevertheless, Cheeseman 
Hall and Waters caution against making dogmatic assertions as 
to the degree of distortion from either the planar or the
Fig. 37 Heflectance spectra of bis[NN'di(phenyl)propen.e-1-aminato- 
3-imineJ Ni.( II)
room temperature spectrum 
low temperature spectrum
oo
0-4
I-6-
I T U  —
tetrahedral extremes of four co-ordinate Cu(ll) complexes of
intermediate stereochemistry from their electronic absorption 
. (166)spectra . .
The reflectance spectra of both the Ni(Il) and Co(ll) 
complexes of UN'di(phenyl)propene-1-amino-3-imine are not 
identical to their solution spectra. In both cases more 
bands are found in the near infra-red region of the reflectance 
spectrum, and moreover, the same is found for all the other 
Co(ll) and Ni(ll) complexes examined.
Pig. 38 Reflectance spectra of bis[NN' di (phenyl )pr op ene-1-aminat o- 
3~ imine] Co (II)
room temperature spectrum 
low temperature spectrum
0-8-
I o-
K-
25
V. IO on
This difference in the spectra of bisfNN'di(phenyl)propene-1-
aminato-3-imine]Ni(ll) is undoubtedly due, at least in part, to
its low solubility. This is because, from the pen deflection and
—1extinction coefficient of the 18870cm feature, it can be
) i^1001.mole .cm should 
be detected above the base line ’noise* and not one of the Ni(ll) 
complexes reported in Table k.1* have near infra-red bands with
' \ Qm -1 “1 (80,81)c max/ oOl.mole . cm ’ .
Considering the Ni(Il) complexes in general, if this difference
in their spectra is not due solely to their solubilities, the
possible explanations appear to be limited to three choices:
a change in the co-ordination number of the metal through
intermolecular association, as has been found in a number of
(16*7)
. salicylaldimine and B-diketone complexes ; a planar «—»tetra­
hedral equilibrium, like that found in a number of B-aldimine and 
B-ketoamine chelates^^^; a change in the degree of structural 
distortion between the solid and solution states.
(1 WHolm and O'Connor have noted that there is no evidence
for any difference in the molecular structure of bis(B-aminatoimine) 
complexes in the solution and solid phases, with the qualification 
that small amounts of either planar or tetrahedral stereoisomers 
(up to 10$) could be present together with the major stereoisomer, 
and not detected. These conclusions are based on a comparison of 
the electronic spectra and magnetic moments of a series of 
bis(B-aminatoimine) complexes observed in solution and in the 
solid state. What they do not state is that these conclusions 
are based on observations of a series of bis[NN'di(R)pent-2-ene-
/O n  Ovi N
2-aminato-if-imine]metal(II) complexes only (VII) * . While
it is true that the nature of the group R is the single most 
important factor determining the structure of this class of
c h3 r r c h3
(vii)
compound, nevertheless the nature of the substituents on the 
B-carbons of the chelate ring is also involved. This is 
demonstrated by the different stereochemistries of those 
bis B-diketonate metal(ll) complexes where the substituents
isopropyl groups .
Nevertheless, there is evidence in favour of attributing 
the difference between the solid and solution spectra of thet
Ni(Il) complexes reported in this work to their solubilities.
The transmission spectrum of a saturated solution of
bis[NN' di(3-'methylphenyl)propene-1-aminato-3- imine] Ni(ll)
shows detail comparable to the reflectance spectra of the
Ni(ll) chelates. In other pseudo-tetrahedral Ni(ll) complexes
-1the band at ^11000cm has been assigned to spin-forbidden
1transition to an upper state arising from the D term of the
free ion^^"*’ , so that the band that occurs between 
—110800 and 11900cm in the reflectance spectra of these complexes
may be similarly assigned, if a pseudo-tetrahedral stereochemistry
—1
is assumed. On this basis the «^ l8000cra band is assigned to the
. on the ligands1 B-carbons are either tert.-butyl 
, (170)
(169) or
V 3 transition and the absorption due to the \transition
-1corresponds to one of the two bands found in the 6000-'9000cm 
range. The latter has not been identified with any particular 
band however, and the ligand field and nephelauxetic parameters 
are given for both possible assignments (Table k.'l'l).
The magnitudes of these parameters are in fair agreement with 
those found from the Ni(ll) chelates’ solution spectra and it is 
concluded that they are probably of pseudo-tetrahedral stereo­
chemistry in the solid state also.
Table *f.11 Reflectance spectral data and derived electronic structure 
parameters for some bis£NN'di(aryl)propene-1-aminato-3- 
imine]Ni(H) chelates
Ary! V 3 cm" 1 1^ 2 cra"
1 -1• Dq cm B'cm" 1 B
c6h^  18200 8200 ^8^ 
( - 379) •
1086 1.0
18200 6800 371
(-613 )
10A-6 0.97
ilC H ^O C ^ 17300 8900 300
( - W
9 66 O.89
17300 7300 koS
( - 330)
970 O.90
JtClCgH^ 18000 8*too ^37
(-32 0 )
9kk O.87
18000 6600 372
(-623)
106*f 0.99
The reflectance spectra of the Oo(ll) chelates are similar
to those of other pseudo-tetrahedral Co(II) complexes in that
they have structured absorption bands in the near infra-red and
(153 157 158)visible regions of the spectrum ’ . . Because of these
multiple absorptions the mean position of the near infra-red 
bands and of the visible bands were calculated from the most 
intense pair. These mean frequencies are assigned to the 
and transitions respectively of 'tetrahedral1 Co(ll).
From these assignments the ligand field and nephelauxetic 
parameters are calculated from the equations given on Page 131 <► 
(Table A.12).
Table A.12 Reflectance spectral data and derived electronic
structure parameters for some bisfNN'di(aryl)propene- 
1-aminato-3-imine] Co(ll) chelates
Aryl v 3
cm-1
V'
cm-1
Dq
cm-1
B'
-1cm
C6H3
2CH3C6H4
3GH3c6h^
^ H3C6HA
tol3OC6H^
17800
19*f00
18600
17300
17900
17030
10000
9700
9900
9900
10000
10030
601
(869)
371
(963)
387
(922)
397
(83A)
. 600 
(877)
337
(898)
630 
800 
730 
630 
66 0 
670
O .38 , 
0.71 
0.63  
0.56 
0.39 
0.60
A disturbing feature of these spectra is that no sign of 
the V 1 band is detected, even in the low temperature spectrum 
of bis[NN'di(phenyl)propene-1-aminato-3-imineJ Co(Il). Although 
the spectrum of the. latter has a narrow, weak absorption band 
at 5900cm"" (not shown in Fig. 58), this is most probably due 
to a vibrational overtone since it also appears in the spectrum 
of the Zn(II) complex and the free ligand.
The shortcomings in the derived parameters do not, however, 
preclude the probability that these complexes have divalent 
cobalt in a distorted pseudo-tetrahedral environment, possibly 
of microsymmetry. For it may be that the distortions are 
sufficiently large that the effective operative range of the 
equations derived for regular T^ molecules is exceeded.
•5 Magnetic data
The powder magnetic susceptibilities of some bis^NN'di(aryl)
propene-1-aminato-3-imine) metal(H) complexes were measured at
various temperatures by the Gouy method, and these, after
(172)correction for the diamagnetism of the ligands , are 
reported in Table *f.13»
• ’ 1 'Considering the Co(II) compounds, a plot of against T
is linear showing that they all obey a Curie-Weiss Law,
9Cm = , with values of the Weiss constant 0 ranging -fromJL— C7
5 to 1K. These susceptibilities include a contribution from 
the second-order Zeeman effect, and when corrected for this 
temperature independent paramagnetism (TIP) then 0 - 0  in 
all cases. Their corrected magnetic moments are effectively 
temperature,independent and although lying on the lower’side, 
of the range expected for tetrahedrally co-ordinated Co(II)
Table 4.13a Magnetic data of some bis[NN'di(aryl)propene-1-aminato~
3-imine3Co(II) complexes
T
(K) 1 0 6 X rn
effective
(BM) l O ^ X m X(BM)
C6H3
288.7 7392 4.20 7245 4.09
266.2 8208 4.20 -7861 4.09
229.4 9490 4.19 9143 4.09
193.8 11130 4.18 10810 4.09
’ 137.3 13730 ’4.17 13380 4.10
119*4 18000 4.13 17650 4.10
86.3 24470 4.13 24120 4.08
2CH3C6^
' 293.0 8688 4.33 8323 4.43
260.0 9746 4.30 9381 4.42
228.3 11030 4.49 10690 . 4.42
182.3 .. 13770 4.48 13410 4.42
146.6 17430 4.31 17070 4.47
111.3 22320 4.48 22160 4.44
88.9 28170 4.4 73 27810 4.45
t o 3C6H4
294.6 8934 4.39 8605 4.50
229.9 1 1 2 2 0 ' 4.34 10870 4.47
166.4 13410 4.33 1 5 0 6 0 4.48
103.4 24430 4.30 24080 4.46
’89.4 28180 4.49 27830 4.46
bCE3006Ek
291.0 7892 4.28 7544 4.19
263.0 8813 4.32 8467 4.24
230.0 10080 4.30 • 9732 4.231 9 8 . 0 11370 4.28 1 1 2 2 0 4.22
166.0 13860 4.29 13510 4.24
113.0 2 0 0 0 0  . 4.29 1 9 6 5 0  . 4.25
89*9 23660 4.30 25310 4.27
'v * ’ (174)km = molar susceptibility corrected for TIP, calculated from '
Sk2;a2
|10Dq| .
/*' = 2.828 Jim?
(a n~z')
ions (b.h-k.8 BM) ^ are consistent with, those reported for 
similar pseudo-tetrahedral complexes^2’ .
Table f^.13b Magnetic data of bis[NN' di(phenyl)propene-1-aminato- 
3— Ni(II) and Cu(ll) complexes
T
(K)
Ni(ll)
106%m /^effective (BM) '
T
(K)
Cu(ll)
106<Xm effective(BM)
299.2 ^516 3.30 290. 1639 1.96
26^.0 510^ 3.30 265.8 1765 1.9^
227.3 5871 3.28 228.5 ‘ 2016 1.92
192.5 69^6 3.28 193.5 2337 1.91
15&5 8506 3.37 156.3 28^1 1.89
117.5 111A1 3.25 118.6 3707 1.88
90.0 1^262 3.22 97-^ hko 6 1.86
87.8 ^755 1.83
The molar susceptibility (%m) is related to the ’spin only' 
susceptibility (%so) for a tetrahedral Co(II) ion by the
(172*)expression
% m  =  X so I 1 - 8k2 Xo \ s A b 2
where
and
Since
where
and
110Dq| J |10Dqj
\ -1Ao = free ion spin orbit coupling constant (= 172cm )
10Dq = crystal field splitting parameter of the solid complex 
ft = Bohr magneton 
N = Avogadro’s number 
k = the orbital reduction factor.
Xso = NB n(n + 2)3k'T L
n = number of unpaired spins, (= 3 for high spin Co(ll), 
T = absolute temperature (K) 
k'= Boltzmann's constant,
values for the orbital reduction factor in these complexes may be
calculated (Table k.'lk)
Table k . ' lk  Orbital reduction factors for some bis[NN'di(aryl) 
propene-1-aminato-3-imine] Co(II) complexes
Ligand k
0.80  
1.1 
1.1 
O .98
Since the orbital reduction factor is related to the 
delocalisation of the metal electrons onto the ligand atoms 
k is usually less than 1.0. Values of k>1.0 are without 
physical significance and merely indicate that the particular 
data are not sufficiently accurate for the evaluation of k.
The values obtained for the and complexes
imply some delocalisation, if the above stricture on the 
accuracy of the data for the 2-CH^CgH^ and complexes
does not apply. However, the calculation is dependent upon 
the relatively small difference between two factors ( %m and 
X so) of almost equal magnitude, thus the values of k cannot 
be very accurate.
The variation of the magnetic susceptibility with temperature 
of both bis[NN'di(phenyl)propene-1~aminato-3-iminejNi(ll) and 
Cu(TI) obey the Curie-Veiss Law with 9 = f^K and 9 = 1^K 
respectively. Furthermore, the susceptibilities of both are 
independent of the applied magnetic field at constant temperature.
- The magnetic moments of tetrahedrally co-ordinated Ni(ll) ions 
lie in the range 0 BM at room temperature^73), and on
2CH3C6H4
- 155 -
reducing the temperature, decrease rapidly. The room temperature 
magnetic moment of the Ni(ll) chelate (5*30 BM) is well below 
this range and it only falls slowly when the temperature is 
reduced, behaviour which is consistent with- that reported by . 
Parks and Holm for this compound, and which they consider to 
have a distorted pseudo-tetrahedral structure^^^.
The magnetic properties of this compound have been examined
*  ^1J  ^ C ^
in terms of the 'Figgis' model (Appendix A) , which has
since been shown not to yield a unique set of parameters when
(177)applied to powder susceptibility data . Consequently, it 
was considered that further discussion of this analysis is not 
justified.
The magnetic moments of Cu(ll) complexes are not diagnostic 
of their stereochemistry, and interpretation of their powder 
magnetic data in terms of the 'Figgis' model has not been
undertaken since the derived parameters have been shown to
_ . _ (177,178)be misleading
CHAPTER FIVE
Mass Spectral Studies
1 Introduction
The mass spectra of very few malonaldehyde Schiff base dianils
(25)have appeared in the literature , although monoanils of the
(179-182)benzylideneaniline type have been studied . These are
reported to form stable molecular ions under electron impact and 
to fragment principally by way of simple fission of either the 
ring-nitrogen bond or the ring-carbon bond, (I). The presence 
of ortho-substituents generally destabilises the molecular ion 
and the fragmentations often involve ions derived from 5-menibered 
heterocyclics, (II).
RCgH^N = CH <-
+
-► N = CHC.H.R 6 4-
(1)
(II)
The electron-impact mass spectrum of NN'di(phenyl)propene-1- 
amino-3-inline and of its hydrochloride acid-salt are compared in 
Section 5*2 (A); in most cases only the electron-impact mass spectra 
of the acid-salt are examined and these are discussed in Section 5«2 (B).
- Mass spectra of some NftTdi(aryl)propene-1-amino-3--imine compounds 
5.2 (A) NN'di(ph.enyl)propene-1-amino-3-*imine and its HC1 salt 
The mass spectrum of each compound is given in Figs. 39 
& hO together with.possible molecular fragmentation pathways 
. and the observed metastable peaks which support particular 
transitions.
Both spectra are very similar with the exception that the 
acid-salt's spectrum contains additional peaks corresponding 
to Cl and HC1 ions. There are also some differences in the 
relative abundances of particular ions. Thus, the base peak 
in the free dianil's spectrum is not the molecular ion peak 
(M, m/e = 222, Wo) but the (M-1) ion, (m/e = 221, 100$), 
whereas in the spectrum of the HC1 salt the relative abundance 
• of these two ions is reversed and the m/e = 222 ion is the base 
peak of the spectrum, (m/e = 222, 100/ and m/e = 221, 9h%).
If this is a real difference in the behaviour of these 
compounds and not an artifact ^18^ , it is probably due to 
differences in their geometrical isomerism and ionisation 
processes. If the free ligand retains its intramolecular 
hydrogen bonded 'all-cisr conformation in the gas phase then 
subsequent to the ionisation process, (III), which is rapid 
compared to the time required for molecular reorientation, it 
may form the cyclic diazine structure, (IV), stabilising•the 
(M-1) ion. The hydrochloride salt, however, requires to be 
heated to a much higher temperature ('v200°C, compared to 
*v100°C for the free dianil), and it probably dissociates on 
volatilisation^18^ .
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Consequently, the term molecular ion (M) will not be used 
when discussing the mass spectra of the acid-salts, since lines 
corresponding to the dianilinium chloride ion are not observed. 
Instead the term parent ion (P) will be used to denote the 
dianil ion observed in the mass spectra of .the dianilinium 
acid-salts. If one wanted to observe the actual dianilinium 
salt ions, that is, the molecular ion of the acid-salts, it 
would probably be necessary to use a different method of 
ionisation such as field-desorption^^^.
The dissociated vapour phase HC1 and dianil molecules may 
then undergo ionisation and, depending upon the interval 
between volatilisation and ionisation, some will reorient 
to the 'all-cis' form. However, those remaining in the 
’all-trans1 conformation when ionisation occurs.probably 
begin to disintegrate before the stabilised (P-1) diazine 
ion structure is attained.
The fragmentation of the salt is consistent with this 
interpretation in that its mass spectrum contains peaks 
corresponding to the loss of H^, NH^, HCN. and other 
small fragments from the molecular ion, whereas the same 
transitions are insignificant (peaks ^ 2$o) in the spectrum 
of the free dianil. Proof that these transitions actually 
originate, from the parent ion is contained in the spectrum 
in the form of the appropriate metastable peaks.
In all of the mass spectra discussed in this thesis those 
transitions involving the expulsion of neutral fragments such
as CN or C^ EL,, °r ^2^3 ^2^f °r ^ 2 ^ ’ eac 1^ Pa-*-r
of the same mass number, the assignments of the expelled 
species given are only tentative. For certain identification 
of these fragments precise mass determinations of both the 
parent and daughter ions by high resolution mass spectrometry 
are required, giving the actual atomic compositions of these 
ions.
Fragmentation of the NN'di(phenyl)propene-1-amino-3-imitte
takes place by way of two main paths, the initial step of which
appears to be either the loss of or C
cular ion. Subsequent fragmentation is by loss of HCN or
as shown in Fig. 39 1 and the overall decomposition may be
summarised as an 'unzipping1 of the molecule from both ends,
(V), together with some hydrogen transfers.
“i q 1
C^H-NH | CHCH ! CHN i
6 3 ! ! • 6 5
L l L
(V)
The mass spectra of the free dianil and its hydrochloride
^H^NH from the mole-
salt are effectively the same therefore, the main difference 
between them being the greater number of fragmentations from 
the molecular ion in the case of the acid salts.
3-2 (B) Some NN'di (aryl )propene-1-amino-3-inline hydrochlorides 
NN'di(l-naphthyl)propene-1-amino-3-imine HC1 
The mass spectrum and breakdown pattern are given in 
Fig. 41 . It is similar to the 1unzipping1 of the molecule found 
for malondianil but in this case the expulsion of the C ^ H ^ H  
fragment from the parent ion is supported by the presence of the 
metastable peak at m/e = 100.6. One difference between the 
behaviour' of these two compounds is that loss of the aryl 
radical (naphthyl) from the parent ion is much less important 
in this case than is the loss of a phenyl group from malondianil. 
Instead, expulsion of a complete naphthalene unit from the (P-1) 
ion appears to be the‘second most important fragmentation route.
NN'di(alkylphenyl)propene-1-amino-3-imine HC1
The mass spectra of the 2-,3- and ^-methyl, 2- and ^-ethyl 
and -^-n-butyl compounds are given in Figs. kZ-hy . From these 
it appears that electron impact induced decomposition of these 
compounds by expulsion/fragmentation of the alkyl groups from 
the parent ion is of importance in the 3- and k-alkyl derivatives 
only. Similarly, from a comparison of the abundances of the.(P-l) 
and P ion peaks (Table 3*1) it appears that expulsion of a hydrogen 
atom from the parent ion occurs most readily in the order 
Jf-alkyl^ 3~alkyl^> 2-alkyl substituted compounds. The parent ion 
peak is the base peak in the spectra of the 3- and A-methyl and
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Table 3»1
Substituent Abundance of the (P-1) peak relative to the P ion peak
^-CH3 93
> ch3 87
2-CH 23
33
2-CJ3L 12
A-n-C^ 26
k-ethylphenyl compounds, whereas the base peak in the spectra of 
the 2-alkyl derivatives corresponds to the (P - RC^H^NH) ion.
From the relative abundances of all the fragment ions produced 
by the two decomposition routes starting with the expulsion of 
either the alkylanilihe or the alkylphenyl hydrocarbon from the 
parent ion the latter path is somewhat less important than the 
former. This is particularly true for the 2-substituted phenyl 
ring derivatives where, in the case of the 2-ethylphenyl compound, 
the (P - ion is of insufficient abundance ( ^ 3°/°) to
appear in its mass spectrum.
The electron impact fragmentations of these alkyl substituted 
phenyl derivatives follow the same general pattern found for the 
unsubstituted phenyl compound, apart from some disintegrations 
involving the alkyl group, provided that the alkyl substituent 
is small, ( . .
NN'di(trifluoromethylphenyl)propene-1-amino-3-imine HC1
. The mass spectra of the 2-, 3- and compounds
.'(Figs* 48,' h9 8c 30) are unusual in that the commonly observed
effect in the mass spectrum of an 'ortho'-substituted compound
is not apparent. Usually the presence of an ortho-substituent
in an aromatic compound results in a much reduced parent or
molecular ion peak in their mass spectra compared to the mass
spectra of their isomeric meta- or- para-substituted compounds.
However, in this instance the parent (P) ion of both the 2-CF^
and 3-CF-z derivatives form the base peak of their respective
spectra whereas the base peak in the mass spectrum of the
4-CF compound is due to the (P-1) ion.
3
All these isomers readily eliminate hydrogen from the 
parent ion. From the abundances of the (P) and (P-1) ions 
(Table 3-2) the facility with which this occurs is in the 
order ^-CF^>3-CF^>2-CF^.
Table 3«2
„ . ... , Relative abundance (%Substituent (T. „ \ . „ .(P-1; ion P ion
2-CF
3 43
100
■ 3-CF^ 98 100
4-CF^ 100 82
3
Other molecules eliminated from the parent ion include the loss 
of HF from the 2-CFy and 3-C^-isomers, but not from the 4-CF^ , 
compound, and the loss of F from the J>-GF^ ~ and 4-CF.^ - compounds 
but not from the 2-CF^-isomer. A fragmentation path common to
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all isomers is the initial expulsion of FC^H^NH followed 
successively by HCN, CF^ and HF, and in general the
trifluoromethyl substituents are involved in the fragmentation 
processes to a much greater extent than are the methyl 
substituents in the fragmentations of the alkyl compounds.
NN'di(halogenophenyl)propene-1-amino-3~imine HC1 
The mass spectra of the 2-, 3- and 4-fluorophenyl 
compounds are given in Figs. 5932 & 53- The behaviour of 
the 2-F isomer parallels that of the 2-CF^ compound in that 
the parent ion constitutes the base peak of its spectrum.
The.parent ion of the 4-F compound also forms the base peak 
in its mass spectrum, whereas the (P-1) ion forms the base 
peak in the spectrum of the derivative.
In general, the fragmentation pathways of these compounds 
are the same as those found for the alkylphenyl compounds: 
that is, the expulsion of either from the parent ion
followed successively by HCN, C^H^, CN and C^H^, or by 
expulsion of FCgH^NH which in turn is followed by C^H^, 
and HF.
The mass spectra of the 2-, 3- and 4-chlorophenyl derivatives 
(Figs. 54,55 & 56) differ from the fluorophenyl compounds in 
that the parent peak is also the base peak in the spectra of the
3-C1 and 4-C1 but not the 2-C1 compounds. In the latter the 
(P - Cl) ion forms the base peak of the spectrum, this ion then 
fragments by expulsion of HCl, and its further decomposition is 
by successive loss of CgH^NH and ^2^2*
The spectra of both the 3- and 4-C1 compounds contain a
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metastable peak corresponding to the loss of ClCgH^NH from the 
parent ion, but it is not present in the spectrum of the 2-C1 
compound. It is therefore possible that the expulsion of 
CIC^H^NH from the parent ion does not occur in the 2-C1 isomer 
and that the peak at m/e = 164 in its mass spectrum is due to 
successive fragmentations from the parent ion of Cl and CgH^NH.
The mass spectra of the 2-, 3- and 4-bromophenyl compounds 
(Figs. 57, 58 & 59) are characterised by the relative abundance 
patterns caused by the approximately equal isotopic abundances 
of ^Br (50.5^) and ^Br (49-5$>). Thus, the parent ion peaks, 
each ion containing two bromine atoms, resemble a 1:2:1
(187)triplet each peak of which has isotopic compositions of
^Br^Br (m/e = 378), ^Br^Br and ^Br^Br (m/e = 38Q), and
g/j g/j
Br Br (m/e = 382) respectively. Also in the fragmentation 
of these compounds the presence of a single Br-atom in any 
daughter ion is revealed by the presence of two ion peaks of 
approximately equal abundance separated by two mass units.
Their behaviour under electron impact is similar to that 
of their Cl-substituted analogues in that the parent ion 
(m/e = 380) forms the base peak in the spectra of the 3- and
4-Br compounds. Similarly the parent ion of the 2-Br isomer 
does not constitute the base peak in its mass spectrum.
However, in this case the base peak is due to the (P - HBr) 
ion m/e = 298, whereas in the 2-C1 compound the base peak is 
due to the (P - Cl) ion. The loss of HBr from the parent ion 
is very much less- frequent in the 3- and 4-Br compounds 
indicating that the H atom is abstracted either from the amino 
group or the malon-bridge system. This process appears to be 
related to the size of the halogen atom since the loss of HC1
Fig-57 M*di( 2-bromophenyl) propene-1 amino-3imine HC1
Fig.58 NN*( 3'broinophenyl) propene-1 amino-3imine HG1
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from the 2-C1 compound, is a minor fragmentation path.
Considering the Br compound’s mass spectrum, apart from 
the (P) and (P-1) ion peaks, the 'daughter ions of highest mass 
are found at m/e =297? 298, 299 and 300* There are three 
possible mechanisms involving the loss of Br or HBr from the 
parent ion that would produce fragment ions of these masses, 
namely,
(a) the loss of Br from the parent (P)
(b) the loss of HBr from the parent (P) ion and
(c) the loss of HBr from the (P-1) ion, (Fig. 60)
In principle, these can be distinguished by the positions of 
the metastable peaks, and the spectrum contains a complex 
system of broad overlapping metastable peaks in the mass 
range 233 to 238, but they are insufficiently distinct to 
distinguish between these alternative transitions. However, 
the absence of an ion peak at m/e = 301 indicates that 
mechanism (a) does not occur. Therefore, to produce the 
observed ions, fragmentation by both (b) and (c) may occur.
The ion peaks at m/e = 208 and 210 are shorn to be due to 
a single-step fragmentation involving the expulsion of BrC^H^NH 
from the parent ion, but it is possible that the multi-step 
process involving the following sequential losses from the 
parent ion P - H, - Br, and - CgH^N take place: Subsequent
decomposition of these ions, postulated to be by expulsion of 
C^H^, may be responsible for a very broad metastable peak 
observed at m/e~ l60, (210-*18 ,^ 161.2 ; 208-»l82, 139*3 )•
- r/y -
Fig. 60
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NN'di(nitrophenyl)propene-1-amino-3-inline HC1
The mass spectra of these salts are given in Figs. 61,
62 Sc 63 . The fragmentation patterns of the 3- and 4-NO compounds 
are very similar, the initial decomposition from the parent ion 
taking place in one of four possible ways, (VI) :-
(a) the elimination of NO^,
(b) the cleavage of the bond between the phenyl ring and the 
imine nitrogen atom (loss of the nitrophenyl group),
(c) the expulsion of a hydrogen atom, or
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(d) the cleavage of the amino nitrogen to propene carbon bond 
with consequent 'loss■of NHCgH^NO^.
d
s'N09
t^vi)
a
The further degradation of the 3- and h-NO^ compounds appears 
to be straightforward and requires no further comment.
The mass spectrum of the 2-NO^ compound is complicated by
the presence of a slight air-leak into the spectrometer due to
with a five-fold magnification of the relative abundance scale. 
Two further attempts at running the mass spectrum of this 
compound at an expanded mass number scale resulted in two traces, 
each having different ion abundance patterns. On the last 
occasion the sample remnant was found to be .of a dull-red colour 
and not the yellow of the original sample. This colour change
suggests that under the conditions employed in the mass spectro-
o ■“ ^3meter (source temp. 180 C, pressure 3 x 10 torr) HCl is lost
from the 2-nitrophenyl salt.
There is no evidence for the expulsion of hydrogen from the 
parent ion of this isomer, but the elimination of NO^ is 
accompanied by an intense metastable peak.
Fragmentation by cleavage of the phenyl ring to imine nitrogen 
bond (b) occurs, but this process differs from that which takes 
place in the 3“ a M  ^-NC^ compounds in that one hydrogen appears 
to be transferred from the expelled nitrophenyl group to the
a faulty vacuum seal. plotted
remaining ion.
The spectrum contains peaks at 111/e = 159j 138, 115 and 88, 
which are not present in the mass spectra, of the 3- and f^-NO^  
compounds; also metastable peaks are observed at (m/e) = 83-2 
and 67.3 (Table 5«3) which are appropriate for the transitions
Table 5-3
2-N02
Metastable peaks (ny^ e) 
3-N02 ^-n° 2
23. ^ ^ 23A (1) 23.
' - 32.8^ 32.9^2)
^ 5 - 9 ^ 4 6 A (3)- h G A ^
67.3 56.1W
70.8^
83.2 82.3^
95.0(7)
98.3^ 98.2^
(3) 110.0^ ^ (9) 109.1 y
181.o^- 181.o^10^
225-9(6) 226.o^11^
226.8^ 310.o^10^ 310.o^10^
These can be interpreted as the loss of CO^ from the (ir/e) = 159 
ion followed by elimination of HCN. However, neither the 
identity of the m/e 159 ion nor the mechanism ef its formation 
are known. The peak at m/e = 138 could be due to a nitroanilinium 
ion. .
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Fig. 6k
m/e = 138
+
■NO
1a/e = 92
-OH
m/e = 108
-NO
m/e = 121
NH
m/e = 80
Assuming it to be 2-nitroaniline, its own fragmentation pattern 
should also be present. -This has ion peaks at m/e = 121, 108,
92 and 80 (Fig. fact ii,nes are found at all
these mass numbers, including those (at m/e = 121, 108 and 80) 
which are not present in the spectra of the 3- and *f-nitrophenyl 
compounds.
NN'di(carboxylic acid phenyl)propene-1-amino-3-imine HCl
The mass spectra of the 2-, 3“ and ^-carboxylic acid 
compounds are given in Figs. 63, 66 & 6 7). All have a base peak 
at m/e = 28 and this is probably due to CO produced by thermal 
decomposition of the sample in the inlet system of the mass 
spectrometer.
The parent ion of all of these isomers may undergo a number
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of fragmentation processes, the greatest variety being found 
for the 3- and ^-substituted compounds. Both of these have 
prominent (P-1) ions and accompanying metastable peaks
(Table 3*4). However 
Table 3*4 Metastable
, there is no 
peaks (m/e)
evidence of hydrogen
2-C00H 3-C00H 4-C00H
23.4^ 23. 4 ^ 23.4^1?
32 .9^ 33- 33.
44.3^ 45.9^ 43.9^^
33.3(6)
36.6(7) 37.0^
71.1^ 70.6^ 70.6^-
81.7^
97.6^ 97.6^
103. 4 ^ 103.1^ 103.1^8)
230.2 8^) 274. (9)279.0^'
■
308.c/8^ 308.0^10^
expulsion from the molecular ion of the 2-compound. Similarly 
fission of the propene-carbon to amino nitrogen bond with 
expulsion of the NHC^H^COOH group occurs in the 3- and 4-C00H 
derivatives, giving rise to the m/e = 174 peak, but this does 
not occur in the spectrum of the 2-C00H compound.
Expulsion of oxygen from the parent ion is unique to the
4-isomer, whereas the initial loss of from the parent ions
is common to all three isomers. A further common feature of 
the mass spectra of these isomers is the peak at m/e = 137i 
which is assigned to the aminobenzoic acid ion.
The subsequent decomposition of this ion, assuming that it 
is of the same isomeric form as its parent compound, is 
summarised in Table 3*3 from which it can be seen that the
Table 3-3
Fragmentation paths 
of the m/e = 137 ion
Daughter
ions
(n/e)
Relative
abundance
w
Ratio
OTT
4-NH^C gH^COOH ----— --— *■ 120 .12 2
-0 — 121 6 1
3-NH2C6HzC00H - -- — -- 120 14.3 1.3
-0 121 11 1
OTT
2-NH2C6HzC00H ---- — -- 120 16 1
119 100 6
m/e = 137 ion produced by the decomposition of NN'(2-carboxylic 
acid phenyl)propene-1-amino-3-imine HCl decomposes predominantly 
by expulsion of water, rather than hydroxyl, but the expulsion 
of water from the m- and p-isomers is negligible. This is a
(190)well-known phenomenon in the fragmentation of aminobenzoic acids 
and supports the assignment given for the m/e 137 ion, (VII).
- 183 -
3.2 (C) Seme NN'di(aryl)propene-1-amino-2-halogeno-3-imine compounds
NN'di(phenyl)propene-1-amino-2-chloro-3“imine, its HCl
salt and NN' di(aryl)propene-1-amino-2-bromo-3-iinine HBr
The mass spectra of these compounds are given in Figs. 68,
69 .& 70; all three have the phenyl ion (m/e = 77) as the base peak, 
and all have abundant (3 30^) parent (P) ions and (P - X) ions.
The spectra of chloromalondianil and its hydrochloride salt are 
very similar, with the acid-salt1s spectrum containing the greater 
number of low abundance fragmentations. Both the molecular ion of 
the free compound and the parent ion of the HCl salt expel a 
hydrogen atom, the fragmentation being accompanied by the metastable 
peak appropriate for the (R^Cl)1-^ — > (R^C1-H)2^  transition at 
m/e = 234. The bromo-compound, however, does not appear to expel 
H from its parent ion since no (P-1) ion peaks appear in its 
spectrum, and no trace of a metastable peak is seen.
The parent ions of these compounds display the distinctive
35 37 79 81abundance pattern due to the Cl and Cl or Br and Br
(187) 1isotopes . The absence of this characteristic pattern from 
all but the parent ions and the HBr (m/e = 80 and 82) ion peaks 
in the spectrum of the bromo compound indicates the ease with 
which the halogen atom is expelled from the 2-halogen substituted 
malondianils.
The two metastable peaks at m/e = 70.3 and 170.3? which are 
very prominent in the spectra of the chloro-compounds and 
unassigned in Fig. 69, are due to the loss of HCN from the 
ions at m/e = 118 and 221 respectively.
NN*di( phenyl). propene -1-amine -2chloro -3imine
Fig.68
£
■r-r.-T-.-r rr:..
n m i i f : c2 ^!;j h c f:j j;::f;;•:;hcii;i.|-fT:iii-.:Ii::i:l-1.1 Cb’H*nh: 1::J
:!::::
;j:::-1
•ii/cm - f : f : ;paH2 fj ; CN:;:| ■::: i:::: ■: i ;C\.|5ii ijty .:::
r 7. r : .—I:.: SSSX-'SSS i:i:i 1111im;.m
’T: ~
ssss.
— .—
4f444 l4yl -4444444!44:44444 IIII :4444 “444 IFFIF
Ill'll iiii: FI:
4f444 4r-j44.
I P ?
l444 m i l 4444
44144 ■44:447P!::7;. -4444444;III
Fill IFlHFF .....,..... i i ii
4444 441 ~ 4444fFl444■~j=44IF 444 44*4444™r 4444rj
FIII [44
II
44:: .. —  ; - | j
" 1
I
iJWj H i ; ' ■ ■ m
FI444 ::::: ::r:FFIjFFI4 4 4 4;FIIIFI
: ?F II
I I
44: pin :p=I II nil III f|: :::1r:: :::::-
Metastable j 
peaks (m/e){
23.-4
(0
to33.8
46.4fi)
57.0
70.2
to
189.3
190.8
is)
lb)
40 120 (We) IbO 200 2W
217.0
254.0*
(7)
,(8)
NNfdi( phenyl) propene -1-amine -2chloro -3imine HCl Fig. 69
h
.. c > h I
1:1 I l f 4 4 :4 4 111:1 l 4 r l :|lrF Metestable 
peaks(m/e)
23.4 10
CM
xiilidjxSxi:
I— ::.II rl-H,-.
iFF in : : r : v c ts ,O r , :
-- - ■;--- t..........
!......— |— ,—
p . 1 ^ - 4 4
t  :C2 HjPif IH CN ^flC* -fv:f:: ::CjHj N ::S: :::::::
FIFF!;{EE?Erf I I I . - 4 4 4 44444 Fl4:FI IFFFFFFFjFFFIII H I I ; 44144 IFF F I I I I 33,8W 
4 6 .4.“ 
57.0 w
IFFlFI ::s::i::ss m i x ".ssrr.iss F i l l FFFFII : 1:14 m F i l l :
— p :- H I ■- F i l l . I I i H ' szrsxsssr. FIFFxIFF :44ff4 I I I : iiii ::: ' IFI
i n .IIIuIF i l l xpfpl I I !  I I I :  F i l l .F IIII 11:11 :44444 I I I I iF i1--'.' I I
4444
i n 4 44
44 4444- 44h i'­
FIIFFF 4 4 4 4 444.IF : 4 m 44144 I F H I 4444:
f4 4 4 - 4 4
70.2
170.3
189.2W
4 : 4 _ ..m _ r I I I I : I I ; H I F I I - IIFFFI iiii m IFIFFI
- n :-:-v-
44|44
I . : ’:::: FIFFFFFFIFFHII IIFFF' I ' FFI
s~ i i : ll;
L:ldi-i
F I I I I 44:44 m i I I I . I I I I  j :4 l
44; 44
11
Mi -~~ -•i i II lilll if i =
Y IFF I  FFi44 4444 FiiiFFi 11:44:
I I :  190.3
IFIFfI . ;i4i 217.0{7)
40 so 120 ifcO 2CO 240
254-0 0(8)
: NN*di(phenyl) propene -1-amine -2-bromo -3-imine HBr Fig. 70
Metastable ^  6 £  70.2? 161.9? 163.0? 217.0W g § p i l
peaks (m/e)   =
I
- 187 -
NN'di(methylphenyl)propene--1-amino~2-chloro-3-imine HCl
The mass spectra of the 2-, 3- and methylphenyl anils 
of 2-chloromalonaldehyde are given in Figs. 71? 72 & 73. Each 
of these isomers has a different ion as the base peak of its 
spectrum; in the 2-CH^ compound it is at m/e = 91, the CH^ CgHj_+ 
ion; whereas in the 3-CH^ compound it is the parent ion and in 
the ^-CH^ compound it is at m/e = 106, the CH^CgH^NH+ ion. All 
three isomers appear to undergo the same initial fragmentations 
of their parent ions. These are alternatively the expulsion of 
H, Cl, HCl or a complete CH^CgH^NH unit from the parent ion. 
Further possible fragmentations are shown in the figures and 
the assigned metastable peaks are given in Table 3*8.
Table 3*8
Metastable peaks (m/e)
2-CH_ • • 3-CH t-CH
3 3 3
23.4-^ 23.^^^
33.8^ 33-8^ 33.8(2)
^6.*t(3) ’ h6 . k ^ k S A C3)
37.8(Zf) 38.0^
(5) . 70.2 ^ 70.2^ 70.2^
81.8(6) 81.6(6)
103.7^ 103.7^ 103.8^
107.6^ 17^.o^12^
113-3(9) 218.8(8) 216.6^
218.2(10) 218.2 9^) 218.2^
2^6.c/11^ 2^8.(/10)
282.0 1^2) 282.0(11) 282.0(9)
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NN'di(ethylphenyl)propene-'l-amino-2-chloro-3-itftitte HCl 
The mass spectra of the 2- and k-ethylphenyl compounds 
are given in Figs. 7^ & 75* Their fragmentations are similar 
to those of the corresponding methylphenyl compounds apart 
from the addition of transitions involving the expulsion of 
CH^ groups. The latter is a well-known fragmentation process 
in the mass spectra of alkyl anilines, (VIII)^'^. A 
surprising feature of the spectra of these compounds is that
NH
-R
(VIII)
NH
R-CH,
the base peaks are not those expected from the mass spectra 
of the 2- and derivatives. Thus, the parent ion forms
the base peak of the compound, not the ion,
and the base peak of the 2-C^H^ compound is not the 
ion, but the 1ethylaniline ion', C^H^CgH^NH^ , probably 
having the structure given in (IX).
CH
CH
h2
(DC)
, \ ' Fig.7^
NN di(2-ethylphenyl)propene-1-amino-2-chloro-3-imine HCl
Metastable peaks (m/e): 23*^^\  33*8^\ k6.h^\ 75»^^
9 2 .9 ^ \  103.8 7^\  128.4^ ,  163. 2¥f.(/1° V  310.(/11^
I r :t2|l/:li H*CN : fCHrf C2; j f
' I...1 ~~ ~ • > • :• t
r CjHi ; :C2H2 .L x n '. h CH,t.:. C, 
„ c^H-i hcn __
C2HsC(,H4NCMj
CH,
100
320210200120AO
Fig.75
NN'di(^-ethylphenyl)propene-1-amino-2-chloro-3--imine HCl 
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Mass spectra of some bis(NflTdiCaryl)propene-1-aminato~3-iffline)
metal(II) chelates
3-3 (A) BisjjM'di(phenyl)propene-1-aminato-3-imine]metal(II) 
The mass spectra of the Co(ll), Ni(ll), Cu(ll) and 
Zn(lI) malondianilates are given in Figs. 76-79 • The spectrum 
and break-down of the Zn complex is the most straightforward 
with the metal containing ions readily recognisable from the 
distinctive Zn isotopic abundance pattern (^Zn = -^8.9/£,
^^Zn = 27.8$, ^Zn = *f.1$ and ^Zn = 18.6$). The molecular 
ion forms the base peak of the spectrum, and decomposition 
is by expulsion of a complete ligand unit followed by loss 
of the metal and finally fragmentation of the ligand. Only 
the cluster of ion peaks at m/e = 233 to 233 do not fit into 
this decomposition scheme. These are thought to be due to 
doubly charged molecular ions.
The spectrum of the Cu(ll) complex appears to be the most 
complicated because it contains many more peaks than do the 
spectra of the other complexes of this ligand. These are 
primarily due to difficulties the mass spectroscopist 
experienced in obtaining a satisfactory spectrum of this 
compound, with the result that in this particular spectrum 
the most abundant ion peaks show that amplifier saturation 
has occurred. Therefore the relative abundance of minor 
peaks is exaggerated. However, despite the distortion of 
the peak amplitudes, it is clear that the molecular ion does 
not form the base peak of the spectrum. This could be at 
m/e = 91 (the C^H^NH ion) or at m/e = 222 (the malondianil ion) 
or at m/e - Vl2 corresponding to the (M - C^H^NH^) ion.
One of the fragmentation paths starts with the expulsion of 
aniline from the molecular ion but there is no direct evidence 
for the further decomposition of the daughter ion so formed, 
m/e = Vl2. The next major peaks at lower mass ratio are due 
to the (CgH NCHCHCHNCgH^Cu ions at m/e = 28* W 286, and these 
are ascribed to another decomposition path whereby a complete 
ligand moiety is expelled from the molecular ion. Although 
there is no direct evidence for this transition such as the 
presence of the appropriate metastable peak, this same process 
occurs in the Zn complex and by analogy probably operates in 
this instance also. The CuL ion, (L = ligand), in common with 
the Ni(ll) and Co(II) complexes, decomposes either by 
demetallation or by loss of benzene whereas the Zn complex 
undergoes demetallation alone. Unique to the spectrum of the 
copper chelate is the abundance of the IE ion, (m/e = 222), 
which is greater than that of the L ion. There is little 
doubt that the m/e = 222 peak is due to the malondianil ion 
since the mass spectrum also contains metastable peaks at 
m/e = 220.0 and 217-0, appropriate for the transitions
LH *-L
m /e  222 m/e 221
and
-H
L  —^ ^(L-H2)
m/e 221 m/e 219
respectively, which are also found in the mass spectrum of 
malondianil, (NN' di(phenyl)propene-1-amino-3-imine). This 
suggests that decomposition of the copper complex to give free 
malondianil occurs within the spectrometer.
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The molecular ion peak is also the base peak of the Ni(II) 
chelate’s spectrum, and the initial decomposition of this 
molecular ion is almost exclusively by expulsion of a complete 
ligand moiety. The daughter ion so formed appears to undergo 
fragmentation either by demetallation or by loss of benzene.
The mass spectrum of the Co(II) complex has its base peak 
at m/e = 93 and it also contains a prominent peak at m/e = 121. 
which, does not appear in the spectra of the other complexes of 
this ligand. A further and rather curious feature is a strong 
metastable peak at m/e = 137*6 which apparently arises from an 
(m/e 301)->(m/e 281) transition. This corresponds to the 
expulsion of an (L - H) group from the molecular ion and 
requires a rearrangement whereby H is shifted from the 
departing ligand group to the CoL ion. The expulsion of a ■ 
complete ligand unit from the molecular ion, however, has no 
accompanying metastable peak.
To account for the m/e = 91 121 ions a breakdown scheme
m/e = 222
m/e - 1^7 
m/e =121
|
m/e = 93
may be postulated, but in the absence of supporting metastable 
peaks or confirmatory high resolution mass measurements it must 
be regarded as speculation.
for the ligand such as:-
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The bis(NN'di(phenyl)propene-1-aminato-3-imine|metal(lI) 
complexes give stable molecular ions under electron impact, 
and indeed the molecular ion peaks are the base peaks in the 
spectra of the even electron metal complexes examined,
(Ni(ll) and Zn(ll)). In general the primary fragmentation 
route begins with the expulsion of one complete ligand unit 
and this is followed by demetallation of the resulting ion.
5-3 (B) Bis[M' (^-alkoxyphenyl)propene-1-aminato-3-imineJme‘fcal(ll)
complexes ^
The mass spectra of the k-methoxyphenyl complexes of 
Co(ll), Ni(ll), Cu(H) and Zn(Tl), (Figs. 80-83 respectively), 
show behaviour comparable to that of the malondianil complexes. 
Once again the Cu(ll) complex has a spectrum which differs 
significantly from those of the other complexes examined.
The remainder have abundant molecular ions which are the base 
peaks in the spectra of the Co(II) and Zn(ll) chelates, and 
all have a prominent peak at m/e = 281 due to the L ion.
The Cu(ll) chelate's spectrum (Fig. 82), if plotted with 
a uniform relative abundance scale, is devoid of peaks at 
m/e^ 283. In order to show the positions of the molecular 
ion (CuL^) and (CuL) ion, the peaks at m/e^3'l0 are plotted 
at f^OX the abundance of the n/e<^3/l0 peaks. This spectrum 
has a substantial peak at m/e = 282 which corresponds to the 
LH ion. It also has a metastable peak at m/e = 280 showing 
that the L ion peak at m/e = 281 is derived at least in part 
from the LH ion. This suggests that either the free ligand 
is present within the complex or that the Cu(ll) complex is 
thermally unstable and decomposes within the injector system
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or that the material is not in fact the Gu(ll) chelate. To 
distinguish between these suggestions attempts were, made to 
extract from this complex the free ligand using CCl^ or the 
ligand acid-salt by using ethanol on the assumption that, if 
co-ordination has not occurred, the NN' di(^methoxyphenyl)pr'opene- 
1-amino-3-imine should be fairly accessible. 'However, in both 
cases little solution'occurred .with only a slight green colour 
imparted to the solvent in each case.- It is therefore concluded 
that the complex was successfully prepared and that it is 
unstable under the conditions of heat and vacuum existing 
within the mass spectrometer.
The mass spectra of the Co(ll), Ni(ll) and Zn(ll) complexes 
of NN' di(^-ethoxyphenyl)propene-1-amino-3-imine were recorded, 
the latter two being also run with a fluorinated hydrocarbonamine 
internal marker present. This enabled the molecular ions to be 
positively identified in the spectra of the latter two compounds. 
The spectrum of the Co(ll) complex has ion peaks in the m/e -670 
range., that are assigned to the molecular ion although they 
were not positively identified. Some of the more 
important ions are given in Table 5-7- These observations 
show that, even though the elemental analyses of these complexes
Table 3-7 Mass spectra of some bisjNN'di(*f-ethoxyphenyl)propene- 
1-aminato-3-imine] metal(II) complexes
Identification 
(m = metal)
Co(II) 
rr/e {%)
Ni(ll) 
m/e {%)
Zn(Il) 
m/e {%)
(raL )+ 677(100) 676(- 100) 682(9)
(L)+ 309 ( - 100) 309(33)
<L - C2H5)+ 281(10) 281(100)
are not satisfactory, complexation has actually occurred.
3-3 (C) Bis [M'di(methylphenyl)propene-1-aminato-3~ inline] metal(II)
complexes
The mass spectra of the Co(ll) complexes of the three 
isomeric 2-, 3“ and 4-methyl phenyl ligands are given in Figs. 84, 
83 & 86. Each has prominent molecular ion peaks although the 
molecular ion forms the base peak in the spectrum of the 
3-methyl derivative only. - .
The spectra and fragmentation patterns of the 3- smci 4-methyl 
compounds are very similar, although the base peak in the spectrum 
of the latter is at m/e = 91- In the fragmentation schemes 
suggested this peak is due to the (m/e = 91 •'144) ion and
not the CgH^CH^ (m/e = 91-133) ion. The envelope of the m/e = 91 
line in the non-high resolution spectra shows no Signs of splitting 
or of enclosing more than one ionic species, therefore precise 
measurement of this peak's mass ratio to establish the actual 
composition of this ion would be a sensitive test of the 
validity of the proposed decomposition routes. One feature of 
both compounds is that several fragmentation paths appear to 
be important and that the scheme starting with the expulsion 
of a complete ligand which is followed by demetallation and 
break up of the remaining charged ligand no longer dominates 
the complete fragmentation scheme as in the previous complexes 
considered,^although of course it remains important.
The spectrum of the 2-methylphenyl complex has its base 
peak at m/e = 307* This corresponds to the (CoL - H) ion 
which requires for its formation the loss of LH from the 
molecular ion. In the absence of a (M-1) peak in the spectrum 
the possibility of the (CoL - H) ion being derived from a 
sequential process involving the loss of H from the molecular
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ion followed by the.loss of a ligand entity can be discarded.
Furthermore, the spectrum has a broad metastable peak with its
maximum at m/e = 169 which is not present in the spectra of the
complexes of the other two isomers. This is the appropriate
*
metastable peak for the transition m/e = 557 307? 169-2 ,
indicating that the process is a single stage elimination of 
LH from the molecular ion. It is suggested that the extra E 
atom is abstracted from one of the methyl groups of the 
remaining ligand. If this were not the case the same process 
would be expected to be important in the degradation of -the
3- and ■ 4-methyl complexes, whereas this transition does not 
occur to any appreciable extent in either of these two isomers.
A factor that may contribute to the stability of the (CoL - H) 
ion, assuming it is planar, is the extended conjugation system 
possible as shown in the fragmentation scheme (Fig. 84).
The peak at m/e - 217 is of greater abundance than the 
ra/e = 216 peak in the spectrum of the 2-methyl complex, although' 
the converse is true for both 3- and *1—methyl complexes. This 
peak is thought to be derived from the m/e = 307 ion.
The mass spectra of the 3- and 4-methylphenyl Ni(ll) complexes 
are given in Figs. 87 & 88. These are generally similar to those 
of the Co(ll) analogues, thus the base peak in the spectrum of 
the 3-niethyl chelate is the molecular ion and the fragmentation 
schemes are similar. There are, however, in the spectrum of 
the 4-methyl phenyl complex two major peaks at m/e = 195 and 
180, the latter being the base peak of the spectrum. These 
are not present in any of the other methylphenyl compounds' 
mass spectra and have not been fitted into a fragmenation 
scheme for this complex. Therefore, it is concluded that these
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are clue to contamination of the sample, possibly in the handling 
before insertion into the mass spectrometer since the elemental 
analyses figures do not suggest that a major impurity is present.
5-3 (D) Bis [NIT di(4- chlorophenyl)propene-1-aminato-3-imine] metal(II) 
complexes
The mass spectra of the Co(II) and Ni(II) chelates of 
NN' di(4-chlorophenyl)propene-1-aminato-3-imine (Figs. 89 & 90) • 
both have molecular ions as the base peaks. Insufficient of 
the Ni(ll) complex has been prepared for elemental analyses . 
to be performed in addition to the other physical measurements 
so that a more comprehensive breakdown scheme is presented for 
this compound. It is interesting to note that the base peak of 
each spectrum is 2 m/e units higher than the mass of the molecular 
ion when calculated from the masses of the most abundant isotopes. 
This is a well-known effect in molecules containing four Cl atoms.
It arises as a consequence of the isotopic abundances of the 
35C1 (7320 and 37C1 (23^ ) isotopes(192).
3.3 CE) Bis[NN'di(3-nitrophenyl)propene-1-aminato-3-imineJCo(ll) 
complex •
The mass spectrum of this chelate (Fig.91) is another 
typical example of the bis NN' di(aryl)propene-1~aminato-3-imine 
complexes studied. Its molecular ion is the base peak of the 
spectrum and its fragmentation proceeds by expulsion of a complete 
ligand followed by demetallation of the CoL ion.
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CHAPTER SIX
Conclusions and Suggestions for Further Work
Conclusions - •
1The H NMR spectra of the free dianils show that at ambient 
temperatures they exist predominantly in the c*B amino-imine 
form. Similarly the presence of a band, assigned to the N-H 
stretching vibration, in their infra-red spectra shows that 
the c*B amino-imine is also present in the solid state. The 
tautomeric B-diimine form was not detected.
In solution the free bases may exist as an equilibrium 
mixture of three geometrical isomeric forms, the 'all-trans', 
'cis-trans' and 'all-cis' isomers. Exchange between these is 
rapid on the H NMR timescale, but the mole fractions of 'all-cis' 
and 'all-trans' isomers may be estimated from the observed 
spin-spin couplings providing that the magnitudes of the cis 
and trans spin-spin coupling constants are known. The 'all-cis' 
isomer is stabilised by an intramolecular hydrogen bond, 
consequently this isomer predominates in non-polar non-hydrogen 
bonding solvents. In polar solvents, particularly those containing 
a hydrogen bond donor group, the 'all-trans' form is favoured.
A 'non-classical' aromatic bonding model involving a cyclic
electron system, delocalised across the hydrogen bond, has
('109)been suggested for the free dianils in addition to the
conventional rapidly interconverting conjugated double bond 
model. H NMR chemical shift observations of these compounds 
have failed to distinguish between these models although a 
previously unreported temperature dependent equilibrium process 
has been discovered at low temperatures for NN'di(phenyl)
propene-1-amino-3-imine in solution. The nature of this
- 217 -
process is not explained. Evidence is presented, however-, that 
is interpreted in favour of the conventional bonding scheme, 
and the H NMR spectra of NN' di(*f-nitrophenyl)propene-1-amino- 
3-imine are explained in terms of the ’cis-trans' geometrical 
isomer having a conjugated double bond structure.
Some of the NN'di(aryl)propene-1-amino-3-imine acid salts.
are found to exist in solution both as the 'all-trans' and
'cis-trans' geometrical isomers and exchange between the two
1forms is slow on the H NMR timescale. The nature and position 
of substituents on the aryl group are important in determining 
the stability of the 'cis-trans' isomer. This is increased if 
the aryl group contains substituents which allow an extended 
system of conjugation throughout the molecule, such as o- or 
p-NO^. The stability of the 'cis-trans' isomer is also increased 
if the aryl group contains a hydrogen bond acceptor B to the * 
aryl system and ortho to the amino-imine nitrogen atoms so that 
hydrogen bonding to the acid protons is possible, e.g. o-CH^CO > 
or o-NO^.
The bisjNN'di(aryl)propene-1-aminato-3-imineJmetal(H) 
complexes are monomeric four co-ordinate compounds having 
distorted pseudo-tetrahedral stereochemistries. The degree 
of distortion is dependent upon the metal and, assuming that 
the Zn(ll) compounds are closest to T^, the distortion appears 
to increase in the order Cu(ll)^> Ni(ll^> Co(ll)^ Zn(ll).
The electron impact mass spectra of the dianils and their 
acid-salts usually have abundant NN'di(aryl)propene-1-amino- 
3-imine positively charged ions. These may -undergo a variety
of disintegration processes depending upon the nature of any 
substituents present in the aryl group. In general, the 
parent ions fragment by expulsion of neutral H, RCgH^NH or 
groups and the subsequent ions tend to eject or
HCN molecules.
The bis{NN'di(aryl)propene-i-aminato-3-"imineJmetal(lI) 
complexes of Co(ll), Ni(ll) and Zn(ll) produce abundant 
molecular ions under electron impact, and their fragmentation 
patterns are very similar. Their molecular (M) ion usually 
expels a complete ligand unit and this is followed by the 
resulting (M - L) ion undergoing demetallation. The Cu(ll) 
complexes follow the same general fragmentation route but 
the ion abundance patterns in their mass spectra tend to be 
somewhat different from those of the other metal complexes 
of the same ligand.
Suggestions for further work
In addition to those areas where it is intended to carry
out further work to supplement the results reported in this
1thesis, such as the N NMR, Fourier-transform H NMR of the
13less soluble free dianils and salts, and possibly C NMR, 
and precision mass measurements, there are a number of other 
areas that await investigation.
The foremost of these is to determine the nature of the 
low temperature equilibrium process observed in the CS^ 
solution of malondianil (Section 2.5(C)(i.c)). An 
investigation of the low temperature NMR spectra in a range 
of solvents for a number of variously substituted free
- 219 -
dianils should be useful in elucidating the nature of this 
process. An approach to the determination of the molecular 
conformation of both free dianils and their salts in various 
solvents would be from their electronic spectra. It has been 
found that the position and intensity of the chromophoric band 
of malondianil is measurably different depending on its 
conformation. The electronic spectra of the free dianils in 
general may be recorded in 'good' solvents and related to the 
geometrical isomer equilibrium from NMR measurements. The 
electronic spectra can then be used to determine the isomer 
population in 'poor'•solvents.
The synthesis of potential ligands with possible colouri-
(95 96)metric or sequestering application , is another aspect of
these compounds which is worthy of attention. For instance, 
the monocondensates reported in Section 3-^ provide a convenient 
starting point for the synthesis of a variety of multidentate 
ligands. If further condensed with arylamines such as 
2-aminophenol, 8-aminoquinoline or 1,8-aminonaphthol the 
resulting ligands, e.g. (I), should readily chelate metal ions.
NO-
Finally, polymers such as those postulated on page 'ik may
(193) -be of some technological interest .
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Abstract— The monoanion of malonaldehydedianil forms bis-bidentate chelates with Co(II), Ni(II), 
Cu(II) and Zn(II). Magnetic and spectroscopic measurements indicate that they are of pseudo- 
tetrahedral structure both in solution and in the solid state.
I N T R O D U C T I O N
A  b r i e f  report o f the preparation of the Co(II), N i(II) , and C u(II) complexes 
o f the anion of malonaldehydedianil (N N ' diphenyl-1 amino-3 imino propene)
has been published[l].
Fig. 1. Illustration of the M L 2 
complexes where L = malonalde­
hydedianil anion.
Recently the preparation of metal bis-chelates from similar 1:3 di-imine ligands 
has been reported, [2, 3,4] and most o f these have been shown by spectroscopic 
studies to have a pseudo-tetrahedral structure when dissolved in inert solvents.
RESULTS A N D  DISCUSSION 
The steric effects of the N-phenyl groups make it improbable that the bis 
chelates o f malonaldehydedianil (Fig. 1) could have a planar geometry. X-ray 
powder diffraction photographs indicate that the Co(II), N i(II) , Cu(II) and Z n (II) 
complexes are isostructural and solution, molecular weight measurements show 
that they are monomeric.
1. N. Tsybina, V. G. Vinokurov, T. V. Protopopova and A. P. Skoldinov.7. gen. Chem. U .S .S .R . 
36,1383(1966).
2. S. G. McGcachin, Cnn. 7. C/jcm. 46,1903(1968).
3. J. E. Parks and R. H. Holm, Inorg. Chem. 7, 1408 (1968).
4. C. L. Honeyboume and G. A. Webb, Chem. Com m . 739 (1968). »
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Table 1. Ligand field spectra of the complexes
Complex Solution* \max cm-1(e)t Solid
CoL2$ 19400(2600) ~ 12700sh
9540(90) 10800 
9300 
~ 7500sh
NiL2.H20 (Sh)18870 (2890) 11400 
~ S400sh 
7000
CuLjHgO 18450 (1520) 18100
14660(1240) 14300
6993 (470) 6300
*Dichloromethane solution. 
tExtinction coefficient in 1 mole-1 cm-1. 
tL = malonaldehydedianil.
The intensities of the ligand field bands in the solution spectra are indicative 
o f a non-centrosymmetric metal environment.
The solution and solid state reflection spectra of the.Co(II) complex are not 
identical (Table 1). In the solid reflection spectrum the strong ligand field band, 
found at 19400 cm-1 in solution, cannot be unambiguously resolved from the 
ligand —> ligand bands. The low solubility of the complex probably accounts for 
the absence of the shoulder at 12700 cm-1 and for the fact that splitting o f the 
band at about 9540 cm-1 is not observed in the solution spectrum. The positions 
o f the ligand field bands in this complex are analogous to those observed in the 
spectrum of bis (N isopropylamino-3-penten-2-onato) Co(II) which is reported to 
be pseudo-tetrahedral [5]. Assuming that the malonaldehydedianil Co(II) complex 
has a similar structure the split band at — 9500 cm-1 corresponds to the 4A 2 —» 
4T j(F) transition and the band at 19400 cm-1 to the 4A 2 —> 4T 1(P) transition, 
using tetrahedral nomenclature. From this assignment we obtain 10Dq =  5480 
cm-1, B' =  833 cm-1 and the corresponding nephelauxetic parameter (3 — 0-75. 
These values are in reasonable agreement with those previously reported for 
tetrahedral Co(II) compounds [6],
The variation o f the magnetic susceptibility x of this complex with tempera­
ture is shown in Table 2. Although the magnetic moment at room temperature is 
slightly lower than that expected for a tetrahedrally coordinated C o(II) ion 
(4*4-4-8 BM),[7], the field independence and the variation o f x with temperature 
suggests that this is not due to the chelate being magnetically concentrated. 
The compound obeys the Curie-Weiss law with a value for the Weiss constant 
6 =  5°. The contribution from T.I.P. (Temperature Independent Paramagnetism) 
to the susceptibility is (8k2N/32)/(10Dq). [8]. By neglecting the effect o f electron 
delocalisation (i.e. k =  1*0), this gives 380 x  10-6 cgs units mole-1. On correcting
5. G. W. Everett and R. H. Holm,J .A m . chem .Soc. SB, 2442(1966).
6. F. A. Cotton, D. M. L. Goodgamcand M. Goodgame,7. Am . chem. Soc. 83,4690(1961).
7. B. N. Figgis and J. Lewis, Prog, inorg. Chem. 6, 185 (1964).
8. B. N. Figgis, Introduction to L igand Fields. Interscience, New York (1966).
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Table 2. Magnetic data for the complexes
T
(°K) lO'*.
C oL2
/x effective 
(BM) 10«xra'
A*'
(BM)
288-7 7592 4-20 7212 4-10
266-2 8208 4-20 7828 4-10
229-4 9490 4-19 9110 4-11
193-8 11,156 4-18 10,776 4-10
157-3 13,726 4-17 13,346 4-12
119-4 17,996 4-15 17,616 4-12
86-3 24,466 4-13 24,086 4-10
NiL,
T --- fx effective
(°K) £
©
(BM)
299-2 4516 3-30
264-0 5104 3-30
227-5 5871 3-28
- 192-5 6946 3-28
156-5 8506 3-27
117-5 11,141 3-25
900 14,262 3-22
C uL2
290-4 1639 1-96
265-8 1765 1-94
228-5 2016 1-92
193-5 2337 1-91
156-3 2841 1-89
118-6 3707 1-88
97-4 4406 1-86
87-8 4755 1-83
Xm' — molar susceptibility corrected for T.l.P.
/i' — calculated usingXm'-
the magnetic susceptibility for T.l.P . the simple Curie law applies (0 =  0°) and 
the magnetic moment is independent o f temperature.
An approximate value o f the electron delocalisation parameter k is obtained 
for tetrahedral Co(II) complexes from the relation o f the free-ion value o f the 
spin orbit coupling constant A.0 =  —172 cm-1, to the observed susceptibility
(Xm) and the spin-only value Xs.o. [8]:-
/  8k2X0\  8k2N/32‘
X m  Xs.0.^ 1 \0Dq) 1 0  Dq
from which we obtain k =  0-79. This implies approximately 20 per cent delocal­
isation o f the ^-electrons from the C o (ll) ion and closely parallels the reduction 
in the interelectronic repulsion parameter B.
N i( I I )  complex. The solution and reflection spectra o f this complex are again 
non-identical and similar to the Co(II) case. The hydrated chelate is insufficiently
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soluble for any of the bands in the 6000-12000 cm-1 region to be present in the 
solution spectrum. However, those bands which occur in this region of the re­
flectance spectrum are in close agreement with those reported by Holm for the 
anhydrous N i( II)  complex which is believed to be pseudo tetrahedral in chloro­
form solution [3].
I f  we assign the 18870 cm” 1 band to the 3T j —> ^ ( P )  transition and the 
11400 cm-1 band to the 3T j —> 3A 2(F) transition, on a tetrahedral basis, we find 
that lODq =  5890 cm-1 and B =  978 cm-1. From this value for lODq the 3T X » 
3T 2(F) transition is predicted to be at about 4900 cm-1 where no band is observed. 
Alternatively i f  we assign the 7000 cm-1 band to the 3T.i —» 3A 2(F) transition 
and the 18870 cm-1 to the 3T r —» 3T\(P) transition, we obtain lODq =  3524 cm-1, 
B' =  1068 cm-1 and a nephelauxetic ratio /3 =  0-99.
Taking both sets o f values for lODq and B we have evaluated the parameter 
A  which is a measure o f the relative strength o f the ligand field and interelectronic 
repulsion energies [9], with a value between 1*5, the weak field lim it, and 1-0, 
the strong field lim it [8]. For the first assignment the magnitude o f A  exceeds the 
strong field lim it, and consequently this is rejected. However, for the second 
assignment A  =1*48 which is in accord with the values reported for some 
distorted tetrahedral N i(II) complexes [9, 10].
The variation of the magnetic susceptibility w ith  temperature (Table 2), 
obeys the Curie-Weiss Law (Q =  4°) and is independent o f the applied magnetic 
field at constant temperature. By fitting our results to those computed for a dis­
torted tetrahedral N i( II)  environment [10] and using A  =1-48, we find that 
k =  0-9, X — — 150 cm-1 and A ~  1500 cm-1, where A corresponds to the non- 
cubic field splitting of the 3T X ground term.
3-4
a.
3-2
3 0 IOO 200 300
Temperature °K
Fig. 2. Variation of the magnetic moment of NiLj.H^O with tempera­
ture. The crosses are experimental points; the full line corresponds 
to k = 0,9, A. = — 150 cm-1 and A ~ 1500 cm-1.
While the interpretation of these parameters is not entirely unambiguous 
[11,12], the positive value o f A implies that the orbital doublet lies above the 
singlet in the axial environment of the N i( II)  ion. The value o f A further indicates 
a grossly distorted tetrahedral complex [ 10].
9. B. N. Figgis, J. Lev/is, F. Mabbs and G. A. Webb, N a tu re, Loud., 203, 1138 (1964).
10. B. N. Figgis, J. Lewis, F. Mabbs and G. A. Webb, J. chem. Sac. 1412 (1966A).
11. G. A. Webb, Coord, chem. Rev. 4, 107 (1969).
12. M. Gerloch and J. Miller, Prog, inorg. Chem. 10,1 (1968).
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The reported value of the room temperature magnetic moment for the an­
hydrous complex is 3-17 BM [3] which could imply a higher degree o f distortion 
than we have found for the hydrate. The approximately 50 per cent reduction in A 
for the hydrated complex, (A0 =  — 315 cm-1 for N i(II)), is rather at variance with 
the degree o f delocalisation suggested by both K  and /3, but this situation occurs 
for other pseudo-tetrahedral N i(I I) complexes [10].
The solution and solid state ligand field spectra o f the C u(II) chelate are 
similar and are consistent with those reported for the corresponding complex 
of 1,3 dimethyl N :N ' diphenyl 1-amino 3-imino propene[2], which is thought to 
have a pseudo-tetrahedral structure. However, it is not possible to predict the 
stereochemistry of 4 co-ordinate C u(Il) complexes with any certainty from ligand 
field bands [13].
The variation o f the magnetic moment with temperature and the susceptibility 
which follows the Curie-Weiss Law, with 6 — 14° and the lack o f field dependence 
is suggestive of a distorted tetrahedral Cu(II) complex.
Although it would be possible to interpret the magnetic data in terms of the 
parameters K, A and A/A0 for the 2T 2 ground term of the Cu(II) complex[14], it 
appears that the derivation of these parameters from powder susceptibility data 
can be misleading for pseudo-tetrahedral Cu(II) complexes [15].
The proton N M R  spectrum of the Z n (II) complex in CDC13 solution has a 
1:2:1 triplet at r  =  5,43 5,33 5,20 of unit relative intensity, a group o f peaks 
between t =  2,6 to 3,5 from the phenyl protons of intensity ten and a 1:1 doublet 
o f intensity two at t =  2,7 2,6 (J =  6Hz). This corresponds to the spectrum ob­
tained from the free ligand in the cis conformation [16, 17,18], each band being 
shifted by ~  25 Hz and agrees with the formulation of a monomeric complex.
We conclude that both solid state and solution measurements indicate that 
the complexes considered have a monomeric pseudo-tetrahedral structure.
E X P E R I M E N T A L
Malonaldehydedianil was prepared from the monohydrochloride by precipitation from an aqueous 
alcoholic solution on addition of 0-880 N H 4OH. Found C = 81,3 H  = 6,30 N = 12,4. Calc, for C 15H M- 
N 2, C = 81,1 H = 6,30 N  = 12,6%.
Table 3. Analytical results
Compound Found Calc.
(%) (%)
C H N C H N
CoL2. 71-9 5-32 11-3 71-9 5-23 11-2
NiL2.H20 69-4 5-43 10-8 69-3 5-33 10-8
CuL2.H20 68-7 5-63 11-7 68-8 5-39 11-7
ZnL2 70-9 5-30 11-1 70-9 5-16 11-0
13. T. P. Cheeseman, D. Hall andT. N. Waters, J. chem. Sue. 694 (1966A).
14. B. N. Figgis, J. Lewis, F. Mabbs and G. A. Webb, J. chem. Soc. 422 (1966 A).
15. B. N. Figgis, M. Gerloch, J. Lewis and R. C. Slade, J. chem. Soc. 2028 (1968A).
16. C. P. Richards, M.Sc. Thesis, University of Surrey (1967).
17. K. Feldman, E. Daltrozzo and G. Scheibe, Z. N a tin f. 22b, 722 (1967).
18. W. J. Barry, I. L. Finarand E. F. Mooney, Spectrochim .Acto. 21, 1095 (1965).
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The metal complexes were prepared by the addition of malonaldehydedianil to a solution, or sus­
pension, of the hydrated metal acetate in alcohol in the presence of sodium acetate and boiling. The 
precipitates were filtered and washed with alcohol and ether. Analytical results are in Table 3.
Physical studies. Magnetic susceptibilities were measured using the Gouy method. The solution 
spectra were recorded with a Zeiss RPQ20A spectrophotometer, and the solid reflection spectra 
with a Unicam S.P. 700 spectrophotometer. Infrared spectra were recorded using a Perkin Elmer 337 
spectrometer. Mulled samples of tfie complexes showed absorption bands at — 3400 cm-1 due to 
the presence of water in the Ni(II) and Cu(II) complexes. The 1H N M R  spectra were measured on 
a Perkin Elmer RIO spectrometer.
Acknowledgem ent— We thank Mr. P. W. W. Hunter for the variable temperature magnetic measure­
ments.
APPENDIX B
Instrumental
A. Vibrational spectra: vibrational spectra were recorded using a
Perkin-Elmer grating infra-red spectrophotometer. KBr plates
— 1were used for the range f^OOO-^ fOOcm and polythene plates for the 
-1500-250cm - range. Solid samples were prepared as nujol or hexa- 
chlorobutadiene mulls.
B. Electronic spectra: ultraviolet visible and near infra-red 
solution spectra were recorded using a Zeiss RPQ 20A spectro­
photometer. The samples were weighed on a Cahn electrobalance.
C. Diffuse reflectance spectra: diffuse reflectance spectra were 
recorded on a Unicam SP 700 spectrophotometer. •
1 'D. H NMR spectra: proton magnetic resonance spectra at 100MHz were 
recorded using a Varian HA-100 spectrometer usually operating in 
the field sweep mode. Most of the 60MHz spectra were obtained 
using a Perkin-Elmer E10 spectrometer, and the others using a 
JEOL C60HL spectrometer.
E. Mass spectra: electron impact fragmentation spectra of all the 
samples we re obtained on an AEI M12 mass spectrometer using an 
accelerating potential of 70e.
F. Elemental Analyses: the C, H and N microanalyses were carried
out in the Microanalytical laboratory of the University of Surrey.
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